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onhe Hanstlial creek. The observations were carried out with tbe 
greatest success, and tbe following are some of tbe results obtained: 

At Okba (moutli of tbe gulf) tbe greatest range of tho 
tide was found to be ... ... ... ... 14*8feet. 


At Nowanar (half-way up tbe gulf) tbe greatest range 
registered was " ... ... ... ...19*6 ,, 

At Hanstlial (at tbe bead of the gulf) tbe greatest range 
was found to be ... ... ... ... 20*2 


or 2 to 4 feet more than tbe range given in tbe marine charts up to 
that date. 


By the combination of some of the values derived from tbe tidal 
observations and tbe results of tbe levelling operations, tbe meau 
level of tbe sea at the bead of tbe gulf was found to be 7 inches 
higher than it was at the open sea coast, and at Nowanar, half-way 
up tbe gulf, tho mean sea-level wa3 4 inches higher than it is at tbo 
mouth of tbo gulf. 

Tbe approximate values of tbe progress of the tidal wave up and 
down tbe gulf may be taken as under : 


b. m. 

High water, Nowanar, lialf-way up ... 1 5 after Okba, mouth of gulf. 

„ Hanstbal, bead of gulf ... 1 40 „ „ 

Low water at Nowanar, half way up... 1 36 „ „ 

„ Hanstbal, bead of gulf..i 2 53 „ „ 

Tbe reduction of tbo tidal and meteorological observations by 
what is termed Harmonic Analysis was carried out by Captain 
Baird, R.E., and tbe values of tbe amplitudes and epochs were 
determined, thus affording all data requisite for tbo prediction of 
tho Tides.* Tbe results were interesting, and some of these it may 
not be out of place to describe. 
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diurnal components of the tides of the gulf are found to have 
_ aggerated effects corroborating what has hitherto been found in 
all Indian Ocean tido deductions. These are the components which 
form the peculiar feature of diurnal inequality, i.e. y a high water, say 
at 10 a.m., will be followed by a high water about 10-30 p.m., 
much higher or lower as the case may be : this holds good also in 
the low waters. Perhaps one of the most remarkable features of 
the tides of the gulf is the practically uniform values of the diurnal 
tides at the three stations, Okha, Nowanar, and Hansthal, and it 
would appear that the diurnal portions of the tidal wave do not 
suffer any augmentation similar to the semi-diurnal portions in passing 
over shallow and contracted channels. This is a feature which, it is 
believed, has not previously been recognized. - The proportion 
obtained between the two chief tides (the solar and lunar semi¬ 
diurnal), is about 1 to 3 from Okha and Nowandr and as 1 to 3£ at 
Hansthal; this proportion, although larger than what is given by 
theory (1 to 2*1), is about the same as that obtained at other places 
in India ; the increased proportion at Hansthal is also in accordance 
with that observed at other places, the ratio appearing to increase as 
the stream passes over shallow places. 


The effect of friction is clearly shown in the formation of what are 
called over-tides, and also from their rapid augmentation as the tidal 
wave goes up the gulf, the tidal wave being deep in comparison to 
tho depth of the channel. 


The first attempts made to discover the effects of wind and of 
atmospheric pressure on the tide were made from the Gulf of Catch 
observations, but they were not altogether satisfactory on account 
of the changes of the velocity and direction of the wind, occurring, as 
a rule, simultaneously with change of atmospheric pressure. High 
water on full and change may ho taken as about 0 hour 0 minute at 
the Bet sido of the mouth of tho gulf, and as about 0 hour 15 
minutes at Catch Mandvi; at No wan dr and Mundra about 1 hour 20 
minutes; at Bedi bandar on tho opposite coast near Navduagar at 
about 1 hour 40 minutes, and at Jodiya bandar from 1 hour 45 
minutes to 2 hours 0 minute. 

The following account of the wind and weather of the Gulf of 
Cutch from tho “ Sailing Directory ” agrees in the main with the 
results obtained by the self-registering anomometers and aneroids in 
Captain Baird’s observatories: 

“ In the Gulf of Cutch West and S.W. winds prevail from February 
to October, inclusive, and N.-Easters in November, December and .January. 
In the latter month it occasionally blows fresh, but never more than i wo 
or three days at a time, followed by light winds and calms or light 
sea-breezes in the afternoon. The barometer rises with these strong 
N.-Easters, and falls before W. sea-breezes. 

“ In the latter end of the month of January and beginning of February, 
dense banks of fog are frequently seen at< early dawn on the horizon. « ' < r 
a calm night ; when the sun rises, those drift to sea with the land-winds 
and are blowu hack by Westn imls obscuring all obje. (- They generally 
come in heavy detached masses, wetting ow n thing. :n- aim.,.- < obscuring 

the sun, whirls however, sliiuea out with .'pgttvuDy warmth 

during the intervals. These u-e may be expected until the latur end o£ 
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February, and are invariably wet. The same prevails on the coast of Sind 
at that season, over the swamps of the River Indns. 

“ From the first week of February fresh breezes, from West to S.W. 
may be expected ; these are indicated by a slight fall in the barometer, 
and last for two days, succeeded by calms or light winds. And, although 
N.-Easters may still blow occasionally after this date, it is but seldom, 
and only as a land-wind, in the morning or after midnight, and a slight 
rise of barometer precedes them. 

“ After the beginning of March the West winds may bo said to have 
fully set in ; and now calms and light N.E. wunds are of only occasional 
occurrence. Towards the vernal equinox, or some time in the second or 
third week of March, there are one or two days in which thunder and 
hail-storms happen at the head of the gulf, in heavy squalls from S.E. to 
N.E. The barometer gives no warning of these. 

In April, West and S.W. winds prevail, being strongest in the after¬ 
noon as a sea-breeze, and moderate from midnight till the next forenoon. 
From the beginning of May the heavy S.W. monsoon swell has com¬ 
menced at the entrance of the gulf, and it becomes a difficult matter to 
W'ork round the N.W. point of Okhamandal, from Bet to Dwarka, even 
with the strong ebb tides that prevail in that locality, as the swell on the 
Gurur shoal is so heavy and confused. Only the larger sort of Cutch 
Kotiyas attempt it after mid-May, and they have to lie inside Bet and 
take advantage of any break in the strength of tho wind to try and get 
out. 

“From June till the end of August the S.W. monsoon blows with 
more or less strength, sometimes amounting to a fresh gale. Heavy rain 
seldom occurs before mid-July and sometimes later, though after the end 
of June frequent showers happen. After mid-August the most enter¬ 
prising of the Cutch boatmen leave Mandvi, and lie at Bet, looking out 
for a break in the weather, which they take advantage of and make the 
passage to Bombay in three or four days. The first arrivals at Mandvi 
from Bombay, after the S.W. monsoon, are in the first week of September, 
Aftor the middle of that month the wind gets considerably weaker, and 
hauls to about W.N.W. towards midnight. But not until October, 
when they haul more to the North and becoino decided land-winds, can a 
vessel fetch out of tho gulf from Mdndvi on one tack without going to 
Bet. 

“ In the beginning of November, tho land-winds or N.-Eastors may 
be looked for with certainty, and frequently are of moderate strength. 
After tho middle of the month they blow fresh occasionally, sometimes 
lasting all day ; but, when tho forenoon is calm, the sea-breeze may loo 
looked for soon after mirlday. Tho sea-breezes off tho Catch coast are a 
great relief after a dry land-wind. On tho Hdlar coast tho N.-Easters are 
pleasant. 

ie On November 21st, 1851, a heavy gale from N.E. and South was 
experienced throughout tho gulf, and many boats were wrecked and 
foundered. It first commenced as a N.E. fresh breeze at day-brealc 
(during the previous night there were light squalls from all quarters) ; 
tho barometer was thon much tho same as the day before, but afterwards 
foil (instead of rising as usual) towards 10 o’clock in the forenoon, by 
which time the wind bad gradually veered to S.E. and become a 
moderate increasing gale. Rain likewise fell. From lib. a.m. to 3h. 
r.M., the wind was strongest, blowing a strong S.E. gale at times, in 
squalls with rain* Towards evening the wind had veered to S.W. and 
decreased to a strong breeze, but occasionally blowing a moderate gale in 
squalls. Duringf the night it gradually veered to N.W., at the same. . 



time decreasing, and the sky clearing, and at daylight the wind was 
North, hut only a fresh breeze. The barometer was lowest at 2h. p.m., 
and after that hour rose rapidly. In the forenoon of the 22nd it was as 
high as it had been six days before. 

41 December the N.E. winds occasionally blow fresh, but for never 
more than three or four days at a time. In tlio afternoon they are very 
weak, and sometimes there is a calm, or a vory light sea-breeze. The 
E. I. C- sloop Elphinstono had a gale in this month, "from S.E. and N.E., 
when about 120 miles to the West of the entrance of the Gulf of Catch. 

“ During the S.W. monsoon, frequent breaks in tho weather occur, 
thus enabling boats to run between Mandvi and Bet, and between Tuna 
and Jodiya, but these only last a day or two at a time. Largo Cuteh 
Kotiyas, being late in returning from Zanzibar to Mandvi, stop off the 
latter placo and communicate with their owners ; then they run over to 
Chakha sheltered anchorage, to which place small Kotiyas aro sent to 
lighten thorn of their cargo, and bring it across to Mandvi creok. The 
largo vessel follow’s at high spring tides and bnrnps in over the bar of 
Mandvi creek. 

“ From November to January the N.-Eastera blow fresh outside the 
gulf, and it is prudent for vessels wishing to w r ork into it to anchor for 
a few hours off Dwarka, or Kachliigadb, should it bo ebb tide, and after¬ 
wards start w ith tho flood across the mouth of the gulf to make the Cuteh 
coast, where the water is much smoother. A course of about N, by W., 
or with spring tides, perhaps a nearly North course from Kachkigadh 
point, may thus bo made good, leading a vessel nicely between the Gunir 
and Lushington shoals towards the Cuteh coast, along which she may 
continuo working to tho East, or if the wind bo light, she may anchor to 
w r ait for tho next flood tide, or till she can mako head against tho ebb,” 

Tho greatest velocities registered in 1874-75 by Captain Baird* o 
anemometer in 24 hours, wore— 

020 miles at Okha on the 20fh June, 

890 „ at Nowanar on tho 20th June, 

1130 „ at Hanstlial on tho 5th August, 

and on tho latter date the anemometer at Hanstbal recorded 270 
miles in three hours, between 9 a.m, and noon. Captain Baird was 
not entirely satisfied with the performances of these instruments, 
but considering their small size (for tho sake of lightness and 
portability), and their exposure to tierce winds, to rain, and worse 
than all, to the constant oxidising influence of tho sea, it was 
improbable that any instruments would, under similar circumstances, 
have given much better results. 

Rain-gauges wore set up at each tidal station; tho total rainfall 
during the monsoon was— 

1075 inches at Okha. 

13*61 „ „ Nowanar. 

18*40 „ „ Hanstlial. 

21*91 „ „ Rajkot (49 miles inland). 

It will bo seen that, so far, a greater range of lido, a greater 
velocity of wind and a greater rainfall huva been lvgidcrod at (he 
head than at tho mouth of the gulf, and intermediate values til the 
midway station of Nowanuv. 
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The scientific value of the tidal observations will bo greatly 
increased by the contemporaneous observations of the barometric 
pressure, the velocity and direction of wind, and the amount of 
rainfall. 

The following is extracted from the List of Light Houses and 
Light Vessels in British India published by the Marine Survey 
Department: 

“ S.W. bastion of the fort, latitude N. 22° 49' 41" longitude E. 69° 

20' 19 v , a white fixed light, visible at 18 miles in clear weather, the arc of 
illumination being 180° and facing South-west; it is a white masonry 
tower above tho fort wall, 115 feet above high-water, tho hoight of 
building from base to vano being 5G feet. It is a catadioptric of 4th 
order, and was erected in 1873. Constructed and maintained by His 
Highness the Rao of Cutch. 

“ At the edge of the mangrove swamp, South of Tekra island, latitude 
N. 22° 55' 30", longitude E. 70° 7' 5", a white fixed light visible at 
6 miles in clear weather, of stone construction, 17 feet above high water, 
tho height of building from base to vano being 23 feet, tho character of 
tho apparatus being a common lantern. It was erected on the 5th 
September 1878, and is maintained at the expense of the Rao of Cutch. 

“ On Rojhi temple, N. E. part of Rojhi island, at the mouth of Navanagar 
creek, latitude N, 22° 32' 50", longitude E. 70° 1' 30", a white fixed light 
visible at 7 miles in clear weather, the arc of illumination being 120°, or 
between the bearings of S.E. by E. \ E. round by the south to S.W. by 
W. £ w«. it is on a white round tower, 42 feet above high water, Tho 
height of the building from base to vane is 50 feet, tho character of the 
apparatus being 3 common kerosine lamps. It was erected in 1867 by 
His Highness the Jam of Navanagar. 

“ The highest and nearly the central part of Sarnia island, latitude 
N. 22° 29' 0", longitude E. 68° 57' 0", a white fixed light visible at 12 
miles in clear weather; the arc of illumination is 180°; it is on a white 
masonry stone tower, 35 feet above high water. Iho height of building 
from base to vane is 18 feet. It is a catadioptric 4th order light, and was 
erected, in 1876, at the cost of His Highness the Gaikwar, and is intended 
as a guido to tho harbour and for vessels crossing tho mouth of tho Gulf 
of Cutch. 

« On tho cliffs of tho mainland West of the town, 350 feet within tho 
high-water line, and close to the Stanhope column, latitude N. 22° 14' 

O', longitude 68° 57' 0", a white fixed light visible at 6 or 7 miles in 
clear weather ; tho arc of illumination is 180° ; the nature of construction 
is a white square stone tower, 70 feet above high water. Tho height of 
building from base to vane is 25 feet; the character of apparatus is 3 
kerosine lamps; it was erected, in 18GG, to prevent native craft running on 
the head-land, and also serves as a guide for anchoring in the small hay 
opposite Dwarka. A new catadioptric light of the 4th order will shortly 
be exhibited." 

“About 23 miles N.N.E. of Saida island and 7 miles West of ' ! 

Mandvi, may be called tho north boundary of tho gulf; and it is in tho 
direct line between Sainia island (the south boundary of the, gulf) and 
Nando hill in Cutch, tho principal land-mark in that province. Assar is 
a Mahomedan tomb, situated on the Orest of the sand-hills close to tho 
sea; its dome is at an elevation of 113 feet, and may bo seen sometimes 
12 miles off. To the S.W. of this place, rocky ground extends 3 xaiha 
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•-falls from 9 to 3 fathoms, ami it should not be approached 
within 3| miles ; the Mandvi light should not be brought to bear to the 
Southward of E. by N. | N. 

“ Another tomb stands midway from Assar to Mandvi, and is 100 feet 
above the sea ; the little creek to the East abruptly terminates the high 
sand-hill of Mir Tamaslia, thus forming a steep sandy bluff, which on 
moonlight nights was formerly seen almost as soon as the old Mandvi 
light. 

“ Vessels hound to Mandvi should make this const with Nanao hill in a 
line with or to the left of Assar, bearing about N.N.E., that being the 
.mark for clearing the West end of Ranwara shoals, which have patches 
of 3 and 5 fathoms rocky ground, at the distances of G and 7 miles to the 
South of Assar. Mandvi light may be steered for, when bearing E.N.E. 
but should be kept on the port how, as the anchorage for largo ships is 
21 miles South of it, 

u From the shoalest part of the Ranwara the light-house bears from 
North to N. by E., and is 7j miles off. This patch, on which are always 
heavy breakers, is about H miles long East and West, and about half a 
mile broad; the bottom, is sand, shells, and rock, and the least water 
2 feet. The foul ground of the Ranwara covers an extent of 10 miles 
from East to West, and no large ship should approach Mandvi from 
seaward when the light bears between N.E. by E. and N. by W., until 
she is inside the Ranwara. In the daytime, the tomb called Rawal Pir, 
2 miles East of Mandvi fort, when on juitk Nanao hill, is a safe mark for 
clearing the East end of Ranwara shoals. 

“ This town in latitude 22° 49' N., longitude 69° 20' E., the most 
important commercial town in the gulf, situated nearly 3| miles to tho 
East of Mir Tamdsha, is a largo walled town, of nearly square form, 
flanked with bastions, and was in its day a strong place. Tbe S. W. 
bastion is highest, and on it the light-house is built, about 20 feet above 
tbe parapet, and 83 feet above high-water mark. The Kao’s palace (no 
longer used as such, but sometimes considerately given up by His 
Highness the Rao as a rest-house 1 for British officers and their families) 
is a large flat-roofed building, and stands about 100 yards to tbe East of 
it. The sea-gate is near the S.E. angle of the fort, from which the 
narrow channel of the creek Rukmavati (which skirts the East side of the 
town) affording a passage for small boats only at high water, is distant 
rather more than a cable’s length. 

“ To the East and to North of the town the creek runs inland, but it is 
merely tbe bed of a water-course, with a standing pool here and there 
except during the periodical rains and the night spring tides of the fine 
season. The creek’s mouth is obstructed by sandbanks, which change 
with the least change of wind and consequent swell, although nearly dry 
at low water. Small boats can enter soon after the flood has made, and 
coasting craft of moderate burthen soon after half-flood. Freshets from 
tbe interior during the rainy season have an excellent scouring effect upon 
the fair channel of Mandvi creek (Rukmdvati), but the first subsequent 
sea-breeze spreads the choking sandbanks again. MAndvi is a very 
opulent and busy port; its merchants trade by land and river with 
Marwar, Sind, Kathiawar, Ac., and by sea with Bombay and nearly all 
portn of western Hindustan, Persian Golf, Maskat, the lied Sea, Gulf 
or Aden, and east const of Africa (principally Berbereh and Zanzibar)* 
and sometimes, but rarely, tbe Mozambique channel From Bombay are 
imported the usual European goods and refreshment* consumed by the. 
British troops in Catch, and a Inigo quantity of English thread, with 

1 There is now a good travellers 1 bungalow at iSor&ia, 
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which the Mandvi cloth (rather famed for its quality) is woven. The 
imports from Africa are ivory, rhinoceros hides and horns, cocoanuts, and 
betel nuts; a gum called chandrus used in dyeing and varnishing; at 
times, seeds, as jowari, mung, and til; gold in dust and ingots, dollars and 
Venetians. Of late years also a cheap coarse and strong American cotton 
cloth (hence called Mirikani by the Cutchis) has been much imported, 
obtained from American vessels at Zanzibar, and highly prized for fits’ 
durability as a wearing apparel by the natives of Cutch. The exports 
from Mandvi consist of cotton, cotton cloths (all woven as above with 
English thread), and brass in wire and rods. 

“ The cloth-yard measure used is the gaj, of a trifle over 33J English 
inches, and there are 24 tasu to one gaj. The current coin of Cutch is 
the Jcori, 401 of which (as established some years since by the British 
Government) go to one hundred Bombay rupees ; this exchange, 
however, ls not recognized by the native merchants, by whom the trade 
is calculated in dollars (reals) and Venetians (either Maghrebi or Sitruni). 
British authority in Cutch is represented by the Political Agent or 
Resident at Bhuj, who has also a marine residence by Seraia village on 
the east of Mandvi creek, where a flag-staff will be seen. 

“ The population of Mandvi comprises Vanias and Bhalias, bound by 
their religion not to take the life of the smallest creature ; they pay a tax 
to the Rio, in consideration of which their feelings ed, and 

peacocks and pigeons (so numerous in and around the towns) are forbidden 
to be killed. The crews of the fleet of boats which trade with Africa and 
Arabia are sometimes Musalmans, but principally Hindus. As sailors 
they are bold and skilful, the Rajputs notedly so; their mudlims (the 
pilots of Cutch) are a race deservedly famous for skill and daring; many 
of them have quadrants and nautical tables, and can determine the latitude 
by sun and pole-star, and their longitude by dead reckoning. 

“ Some of the Cutch boats (called Kotiya) are large, well built, and 
decked, and carry a pair or two of cannonades. They sail for Africa about 
the beginning of October, and return just before or with the S. W, monsoon. 

The late arrivals, finding generally too much swell in Mandvi roads, and 
surf on the bar, have to run over to the sheltered anchorage at Chakha, 
and despatching thence much of their cargoes by small boats to Mandvi, 
when lightered, take advantage of the first lull of the monsoon (for which 
they have to wait only a few days), and come bumping over the bar into 
Mandvi creek at high water. ^ 

iC Boats drawing more than 9 feet water can seldom enter the creek at 
the most favourable season (October to February) when the rains from % 
the hilly country have scoured out a deep channel. "W ith the West winds 
the entrance begins to get choked up with sand, until, in May, a boat 
drawing 7 or 8 feet has to bump over the bar to get into the creek ; and, in 
the latter part of May and beginning of June, frequently a dozen vessels 
arc rendered useless by this operation, and as many more have to undergo 
a thorough repair. These boats coming from Bombay and distant parts, 
knowing that it is about high water, never give a thought as to the depth 
of water ; but running in carelessly, take the ground, and bump till the 
receding tide leaves them high and dry, when their goods are landed in 
carts ; and the vessel, being lightened, floats in at next high tide. 

“ It is high water on full and change of moon at Mandvi at Oh. 15m. 

This time is sometimes retarded several minutes during West, and 
accelerated during East winds. The rise and fall is, at ordinary springs, 

15 feet, and sometimes at high springs 17 feet. At neaps it is 9 or 10 
(eel 
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navigating the Gulf of Cutcli, vessels should always make an 
allowance for the tides, which run 4 or 5 miles an hour at springs, and 
3 at neaps, East and West, between Ckinri reef to the South, and Rau- 
wara shoals to the North. All across the mouth of the gulf the bottom 
is very uneven, and the rapid tides cause a very confused breaking sea, 
even in a depth of 30 fathoms. 


“ The tides at the anchorage off Mandvi, in 3 to 5 fathoms water, run 
at the rate of 3 knots an hour on the springs, and at neaps less than 2 
knots ; further out from the shore they increase in strength, and on the 
Ranwara shoal, attain a velocity of 5 knots on the springs and 3 at neaps. 
This strength of tide is maintained between that shoal and the reefs of 
Chaklia, Noru, and Bida to the Southward, and cause a heavy deceiving 
break, in many places, where deep and shallow water are contiguous. 
Between Mandvi and Tamaslia, the soundings gradually increase off 
shore to about 10 fathoms at 4 miles distance, outside of that, and to the 
West towards Assar, and a little beyond it, there are overfalls from 5 to 
10, and in some places to 20 fathoms. The tides running with great 
velocity over these rocky patches cause a heavy rippling and break, 
which is very deceiving to a stranger. 


“ There is good anchorage for ships, in 3 to 5 fathoms at low water 
clay bottom, from 1-1 to 21 miles due South of the fort ; and nearer the 
shox’e for small steamers, in 2 fathoms, sand and mud, with the light¬ 
house N. by W., and the Political Agent’s flag-staff (on the East "side 
of the crock, to the right of the large banyan tree), bearing N.E by N. 
There is a shoal rocky patch bearing S.W. \ S. rather more than 2 miles 
from the light-house, having 11 feet only at low springs. 


“ Rawal Pir is a white tomb, 70 feet above the sea, in a clump of trees 
on sand-hills, miles E.S.E, from Mandvi fort. This tomb on with 
Nando hill clears the East end of the Ranwara shoals. Between Rawal 
Pir and the Mandvi fort, by the village of Seraia, stands the marine 
residence of the Political Agent in Cutcli, with a flag-staff in front. 
Modva point is 8 miles Eastward of Mandvi. The intermediate shore is 
fronted with sand-hills, 30 and 40 feet high. The point itself is a high 
sand-bluff, arid off it there is a ledge of rocks dry at low water, which 
arc deep-to, having 3 and 4 fathoms close to them. Inside the point is 
an extensive backwater, which runs back to within 2 miles of R&wal 
Pir, but is only entirely flooded at very high spring tides, and at high 
water in the S.W. monsoon. Behind Modva point there is excellent 
shelter for small vessels hauled up in the S.W. monsoon, preferable to 
Mandvi creek, as there is a depth of more than 2 fathoms on the bar at 
high water springs, and it is protected from West winds. Tho lodge of 
riicks before mentioned extends nearly a mile to the East of these. To 
the S.W. of the bluff, the sand dries out for nearly a mile from tho 
shore when the tide is out. 



Anchorage, 


R&wal Pir. 


“ The coast-line to the E. of Modva recedes from the low water line 
from 2 to 3 miles, but there are loug thin strips of sand from 5 to 10 
feet above high-water mark, fronting the sea, which are from half a mile 
fo ono mile distant from the sea at low water ; between these and tho 
Mainland is an extensive swamp, covered with mangroves, and inter¬ 
sected with numerous small croeks, where boats go to cut lire wood. 

“ This point, at 20 miles East of Mdndvi, consists of 2 or 3 thin strips Naviriff*, or 
of sand, the highest part of which is not 10 feet above high-wut»r mark. N.ovhuu 1 « uid. 

Tho mainland here recodes 4 miles from tho point, $nd tho interinodoii.o 
* s paco is a vast swamp, covered in places with mangrove bushes, through 
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which nins up the Nawinar creek and many other small ones. Nawinar 
point is deep-to haying 11 and 12 fathoms South of it less than three- 
quarters of a mile off. To the Eastward of Nawinar point there is . 
shelter for a few small vessels during West winds, in 2 to 3 fathoms 
with the Point W.S.W., out of the strength of the tide. 

“ This sand bank between Modva and Nawinar consists of detached 
sands, which ate dry at low water, -with deep water between them. The 
West ones are miles E.S.E- of Modva point, and the East sands lie 
Gi miles W. by S. of Nawindr point. The South sides of these banks 
are deep-to having 12 fathoms at 2 or 3 cables off. A vessel ought not 
to shoal under 15 fathoms here. During the first half flood, and after 
half ebb, the shoals may be distinguished by the rippling of the water. 
And, indeed, they may always be distinguished from the mast-head by the 
discoloured water on them. These shoals bear E.S-E., and are 12 miles 
distant from the anchorage in M&ndvi roads, they extend fully 3 miles 
off the nearest shore. 

“ Its mouth (between mangrove bushes) bears N.N.E., 3 miles from 
Nawinar point, and it runs up to a bandar-house N.N.W. for little more 
than 1 mile. The house is perfectly isolated at high water springs, the 
tide flowing a mile to the North of it. (There is now a very fair road 
from the bandar to the towm). The bandar-house is 3J miles N. by E, 
of Nawinar point. 

“ This fort, situated miles Northward of the bandar-house, has a 
white mosque, distinguishable a good way off, and a grove of high 
cocoanut trees, half a mile to the West of it. 

“ At 3 miles to East of Nawinar point there is the South-west end of a 
2-fathom bank, lying N.E. and S.W., miles long and 3 or 4 cables 
broad, and N.E. of this again there is a 3-fathom bank, 2 miles long 
lying N.N.E. Between the South end of the former shoal and the 
shore low-water mark (which is here 4 miles from the mainland), there 
is a small patch having only 7 feet on it. On account of these banks off 
Mundra, a vessel should not shoal under 10 fathoms in going Eastward, 
Bhadreshvar Temple bears N.N.E., when she may stand in to 5 
fathoms, bottom all mud. 

“ The Cut eh coast from Mundra to the Nukti or Tuna creek entrance 
is nearly straight, about E. by N. Jr N., and the mud dries to nearly 4 
miles off the shore by Mundra, and 2 miles off towards Tuna. The 
soundings are very regular, and the bottom is mud. All along the Cutch 
coast water-courses empty themselves into the sea during the rains, and 
the whole coast from Modva to Tuna is very low, with cocoanut trees 
by all the towns to the Westward of Bhadreshvar Temple , which is 11 miles | 
E.N.E. of Mundra, and has a small white dome which points it out very 
well, and may be seen 9 or 10 miles from a vessel’s deck. There is a 
grove of tree:- 1£ miles South of the temple, and Bhadreshvar fort is a little i 
We-;t of it. Tuna fort stands some distance inland, about a dozen miles 
E.N.E- from Bhadreshvar fort •, the intermediate shore is quite low and 
sandy, with two or three little villages. 

“This calk'd also Tuna creel q as one branch of it leads up to Tuna 
bandar, is 13 miles East of Bhadreshvar ; its West point is very low, cover¬ 
ed with mangrove bushes, and nearly overflowed at high water. The only 
natural object that marks the entrance of Nukti creek is a mud island, 
covered with trees, 15 to 20 feet high, called Tckm by the natives ; it is 
about three-quarters of a mile long, N.W. and S.E., and about a mile I 
to the North of Tuna sandy point, from which Tuna bandar bears about * 
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K. W., distant 4 miles. Pilots are required to take small vessels up to the 
bandar, 

“ A Light-house recently erected by His Highness the Rao is at the 
edge of the mangrove swamp on the South of Tekra, in latitude 22° 55£ r 

L. , longitude /0° 1' E., and shows a small light 17 feet above high-water 
level. 

Boats bound from Mandvi to Jodiya, on the opposite side of the 
gulf, in the N.E. monsoon, run along shore and sight the Tekra before 
they branch oft to the Southward. Jodiya bandar bears about S.S.E. 
i- E., distant 15i miles from Tekra. 

“ This P^ ace lies 4 miles N.W. from Tekra, and though it is the sea¬ 
port of the large town of Anjar , is an insignificant place, with difficulty 
can boats of 50 tons burden get there at high spring tides, as it is up a 
small creek, not 30 yards wide, branching away from the Nnkti. The 
creek, but for posts that arc erected on each side of its entrance, would 
not be discernible. The flood-tide rushes by tho small mouth of this 
creek to tho Northward with a velocity of 4 miles an hour. A pilot of 
the place would be required to take the vessel in. 

“ In the N.E. monsoon, from November to February, the Ran is dry, 
and traversable by men and camels, but the fine sand of the surface' 
agitated by the N.E. winds, blinds the traveller. In the Westerly 
monsoon, the sea water is propelled by the wind many miles to the 
Eastward, and the Ran has then the appearance of a great inland sea, 
and quite impassable for travellers. This vast sheet "of water, in the 
vicinity of the three large creeks which drain it (the Nukti, the Kundlo, 
and the Hansthal) is subject to the regular tides, but the rise and fall 
ir side is not of any extent, though the Hansthal, from the great height of 
the internal waters, attains a velocity of 0 to 7 miles an hour at its mouth 
in ebbing. When in January 1852 tho rise and fall of the gulf water off 
the mouth of the crocks was 15 feet, it was only 5 or 6 feet to the South 
of Jangi, some 15 miles from Hansthal mouth. Captain Baird, li.E., 
subsequently found tho extreme range of tide at Hansthal to be 20 feet. 
This difference of level of course renders the ebb-tide, in the Hansthai 
deep channel, to be of louger duration, and the flood shorter or 
respectively, about 8 and 4 hours. 

“ The North shore of Kdthuiw&r which forms the South side of the Gulf 
of Cuteh is under a different sovereign,-—the Mm of Navanagar,—whose 
territory commences with all the banks and creeks which lie South and 
East of the Hansthal, and extends to tho great Bardl reef, or 50 miles 
Westward of Navanagar. The Halar coast has no high land ; but the 
Barda bills, in the interior of Kathhiwir, are sometimes visible from this 
South side of the Gulf in clear weather. 

“ This reef to the North-west of Jodiya has its West end at the 
distance of 8 miles from the fort, and its East end at 6J miles. From it 
the mouth of the Hansthal bears N.E. by N., nearly 10 miles off, and the 
mud uncovers at low water out to a line between them. The East end 
of Mangra reef bears S.E. £ S., about 12 miles from Tuna Tekra, The 
West end of the reef is deep-to, having 5 and G fathoms close t.o it. And 
at j mile from this West extreme there is a heap of sand and shells, 
il >t P‘-' i tha: dries (thou showing distinctly the position 
of the reef), and it lies with the N. W. bastion of Jodiya. and the I>arlmr- 
liouse in a line nearly. Tho breadth of the Mangra reef is one mfloat the 
West end and •] mile at tho East; thero is a dopp ehanuel alone tho 
South side of it, and a vessel may anchor and be sheltered from strong 
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N.E. winds with the sand-heap bearing from North to N.N.E. 2 miles 
off, N. in 3 fathoms, at low water, muddy bottom, with Jodiya fort 

E.S.E. 

“ This fort on the South shore of the gulf bears S.E. by S. 21 
miles from Tuna fort. The N.W. bastion which is about 80 feet 
above sea, and the Darbar house (300 yards S.E. of the former), are 
hi<'h and conspicuous. And outside the fort, nearly a mile to e 
Southward, there is a grove of high trees. These three marks point 
out the place unmistakeably, and may be seen m clear weather 10 
to 12 miles off from a vessel’s deck. Jodiya N.W, point is of low sand, 
and bears W.N.W. miles from the fort; the bandar is more than 
miles to the N.W. of the fort, and 1| miles to the Eastward of the 
N,W. sandy point. 

“ The landing place for Jodiya stands N.W. | N. 2J- miles from the fort. 
The entnmee of the creek (amongst mangroves) is with this house one 
mile distant and on with Jodiya trees. Boats coming from M&ndvi to 
Jodiya keep along the Cutch coast, and sight the Tuna Tekra before they 
skint off to Jodiya, and run round the East end of Mangra reef, with the 
bandar house hearing South into Jodiya creek, but this cannot be done 
till after half-flood by boats drawing upwards of 7 feet water. 

«It is high water on full and change of moon at Jodiya bandar at 2h. ; 
rise and fall of tide is 16 feet at ordinary springs, and ( J or 10 at neaps ; 
but 18 or 19 feet at highest springs. 

“This is a small village, bearing S.W. 7\ miles from Jodiya fort : 
there is, at the distance of % mile to the N. W. of the village, a small, 
round, conical hill, detached from the main, and insulated at high water, 
on the top of which is a Mahomedan Fakir’s place, called Aku 1 lr, and 
J. m ilo S.W. of this, on the West of the village, is a range of rocky mounds 
CO to 80 feet high, fronting tlio sea ; they extend over half a mile of 
«round in a North and South direction, and constitute the sanatnriuin of 
the English residents from Rajkot; when tents arc pitched there, they 
make an excellent land-mark. These tent-hills arc insulated at high water 
sprmftB. Between these hillocks and Aku Pir there is a small creek, oft 
the mouth of which is a largo rock dry at half-tide, and the mud and t le 
rocks dry out at low water for H miles to the Westward. At the back 
of Balaelmdi there is a range of hills about 100 feet high, winch terminate 
rather abruptly to tbo South at 1J miles to tbo S.E. of the village. 

« ']'hi s extends for more than five miles to tho west of Balachadi, and 
the place is only approachable towards high water, and with a native 
pilot. The shore between it and Navauagar is fronted with mud and 
coral banks, and no vessel should go near it. 


« iphis is the largest and best fort in the gulf, at 18 miles to the S.W. 
of Jodiya • it is the capital of the independent principality, Halar, which 
is ruled by the Jam of Navauagar. British authority is represented along 
the South side of the Gulf of Cutch, by tho Political Agent in Kathiawar, 
whose head-quarters arc at Rajkot, about 50 miles to tho S.E. of Nava- 
nngar. The fort is more than 7 miles to S. by E. of the anchorage off 
Navtinagar. The Kota is a high, circular, turretud building on the West 
ride of the fort., 182 feot abovo the mean sea-level, and from its whiteness, 
may be seen in clear days, when the refraction is great, at- 20 miles 
distance, and commonly at 15 miles. Bather more thau half a mile to 
the East of it stands the Darbiir-house, a large building with a gable 
roof at either end, and half a mile to the N.W., outside the fort, is a 
look-out tower: all three are conspicuous objects. Navauagar Kotha ia in 
latitude 22° 27’ N., longitude 70° 3' IS. 
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A little village and fort, where stands the bandar, or sca-port of 
Navanagar, is 2 A miles N.W. of the great fort. Boats can come up the 
creek to within J mile of this little fort. The mouth of Bedi creek is 
about two miles from the anchorage off Navanagar and nearly one mile 
to the N.W. of Rojhi Temple ; its West side is rocky, and the East side 
soft mud. 


<SL 

Bed!. 


“ A little Hindu Temple with a flag-staff stands midway between the 
anchorage and Bedi fort, 

u High water at Rojhi, at full and change of moon, at Hi. 40m., rise 
and fall at high springs 18 feet, at ordinary springs 16, and at neaps 
10 feet. 

“ The anchorage of Navanagar is with Pirotan island just seen out¬ 
side of the largo mangrove island between it and K-ojhi, and with Rojhi 
Temple bearing S. by W M or both the towers of Navanagar open to the left, 
or eastward of all Rojhi land, in 2 or 3 fathoms at low water well sheltered 
from the West winds, which prevail from February to October inclusive. 
The bottom is such very soft mud, that a vessel can safely anchor in her 
own draught of water; the entrance of the creek will bear from this 
anchorage S.W. by S. West of this anchorage half a mile there is a 
small detached reef ,, dry at low water, having a passage between it and 
the main reef. And 1J miles N. by W. of Ihe anchorage, there lies a 
2-fathom rocky patch. " The Durbar-house touching the East extreme of 
all Rojhi land is on the line of both these shoals. 

“ In coming from the West a vessel passing one mile to North of the 
Pirotan reef, must stand on the East course, till all the high towers of 
Navanagar arc seen (from aloft), to the loft or Eastward of all Rojhi 
rocky laud ; this is to avoid a 2-fathom patch lying 5 miles Eastward of 
Pirotan. 

“ In coming from the N.E., Bedi fort should not bo opened to the 
left of, or Eastward of all Rojhi land, for on this lino and all East of it, 
the ground is rocky at the distance of H miles from the above mentioned 
anchorage, so that Rojhi Temple bearing from S. h W. to S.S. W. i W-, 
are the iimits between which to anchor. 

“ Extending a long way to the North and West of the entrance of Bedi 
creek, there is a mangrove swamp, with a sand-bank on its N.E. face, 
the North extreme of which will bear about West from the anchorage 
above described. To the West of this sand, and at the distance of 6 miles 
N.W. by W. of Rojhi, there is a detached mangrove island, whose trees 
are 20 to 30 feet above high water, the highest being at the N.E. end. 
This is called Pirotan, an excellent land mark in making this coast, as 
the troes, like those of the Tekra on the Cutch coast, are not allowed to 
be cut down. 

“ Off the Pirotan a vessel ought not to shoal under 20 fathoms, till its 
high trees boar to the Westward of South. A coral reef steep-to and dry 
at low water extends off this island one mile to N.E and v mile to S.W*; 
the west side of Pirotan forms the East side of the Sarraat Kbari entrance, 
and when the reefs are dry, a vessel may conveniently anchor, to get shelter 
from N.E. winds, in the mouth of tho Sarmat, with the Pirotan trees 
bearing N.E. by E. in 5 or 6 fathoms, muddy bottom. Pirotan high trees 
are in latitude 22° 3?' N., longitude 6p° 57'E. 

u Eastward of a line from Navanagar, on the South shore of thq gulf 
to the Tuna Tekra on the Cutch coast, there was in 1852 at low water 
nowhore more than 10 fathoms water across the gulf, whereas the charts 


Itojhi. 

Tides. 


Anchorage. 


Directions, 


Pirotan Trees. 


Soundings. 



wnist^ 



The H&l&r Coast. 


Sarmat. 


Dera Sand. 


16 § 1 ; 

of 1821 represent the head of the gulf as much deeper, and there can be 
no doubt it is gradually filling up. Eastward of a line from Pirotan to 
Bhadreshvar, there is nowhere more than 20 fathoms. Here it may bo 
useful to the navigator (when going direct from Mandvi to Navanagar) 
to know that Pirotan bears S.E. by E. about 15 miles from Navanao-ar 
point on the Cutch coast. 

“ From Navanagar to the west for more than 30 miles, the mainland 
of Hal dr recedes from 4 to 6 miles within the sea face of the reefs which 
bound this coa^st, and it has no distinguishable objects, with the exception 
of two or three hills, which arc too far off to set as land-marks; but 
clumps of mangrove trees on the reefs form excellent guides ; they nro 
not allowed to be cut down, and are named by the boatmen Pirotan, Dera, 
Nurria, Karumba, and Dkuni. Dera differs from the rest of these 
marks in being a sand-hill, which from a distance looks like a tent, when 
the sun shines on it. The Badra hills are frequently visible from this 
side of the gulf; and, off Rojhi, they may be seen on a clear day (a distance 
of 46 miles). 

“•South-west of the Pirotan lies the entrance to the Sarmat-khdri, 
between reefs, a little more than £ mile wide, and at the same distance 
within the entrance there are some rocky patches, which render it unsafe 
to run far in without a pilot, but a vessel may anchor from £ mile to 
^ mile to S.W. of the Pirotan reef, in 5 fathoms mud, with the high 
trees bearing N.E. to E.N.E., and well sheltered against strong N. 
Easters. But it will not be prudent to run in there till a couple of hours 
after high water, when the edge of the reef will be seen quite dry. 

“ This is a range of low sand-hills, 6 miles S.W. of the Pirotan. (The 
name is applied to the coral reef surrounding it, or the whole space included 
between the Sarmat and the Sika inlets). The N. W. end of Dera sand is 
bluff, about 15 feet high, and off it are a few scattered stunted mangroves. 

To the eastward these trees are thicker, and there are two or three single 
conspicuous trees at the distance of from 1 to H miles east of the bluff 
The reef extends off Dera sand-hill nearly 1-| miles to N.W., and Goos 
reef is to the S.W. of it. 


Sika Inlet, “ Is 2 miles W.S.W. of Dera, and is navigable for only 4 or 5 miles 

at low water, but at high water large boats can pass through channels 
amongst the mangrove bushes, almost in a direct line to Rojhi, and lienco 
to Bcdi. 


Nurira. “ A clump of trees with a sand before it stands distant 8 miles about 

W.S.W. from Dera sand-bluff. The reof extends off it miles to 
northward, where the rocks are highest, and 2 miles to N.E. A mangrove 
swamp joins Nurira clump with the mainland. In the centre of the*bay 
between it and the Dora, lies the Goos reef more than 3 miles lon^ east 
and west, and 2 miles broad. At *- mile from its north side there is a lon^ 
sand that dries before the reef itself, and shows well. On its south and 
west sides there are deep water channels, which, as well &s that along its 
cast side, bear the name of Sika-Khari. These channels are used by 
native* vessels when it is blowing very fresh ; they thus avoid the heavy 
sea outside. The north edge of Goos reef is on the line from Dera bluff 
to Nurira, 

Soundings, “A vessel should not, in working, come under 12 fathoms between 

Nurira and Pirotan, and not under 15 fathoms when northward of the 
former, and between it and Kdrnmba. There is nowhere so much as 25 
fathoms at low water to the eastward of a line from Dera in Kdthid- 
w&r, to Mandra in Cutch. There are rocky patches of 7 and 8 fathoms 
in the middle of the gulf, midway in the track of vessels from Mandvi to 
SaMya. ■ 
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Tlii^ land-mark i* a mangrove island, 4 miles long, east and west, 
and a little less north and south, with a clump of high trees on its 
north edge, which bears from Nurira W. f S. G miles. Northward of 
these trees the reef dries miles off, forming a projecting point, from 
which the line of reef on the one side trends to S.W. for 4 miles to the 
entrance of Salaya Kh&di, and on the other takes a S.E. direction for 2| 
miles to another channel that leads round Karumba island up to Salaya : 
the mouth of this latter channel is nearly midway on the line from 
Nurira to Karumba ; it is very deep, but narrow, and at 3 miles up is only 
navigable at high water by boats standing over the reefs and the mud¬ 
flats. A vessel may run in for b mile at low water when the reefs are 
' visible, and bo well sheltered from westerly winds. 

“ Tho point of rocks north of Karumba is deep-to, and a vessel should 
not come under 20 fathoms; but with the trees “bearing S.E. a vessel 
can come in to 15 fathoms, mud; and with them E.S.E. into 7 fathoms. 
Between the trees of Karumba and those of Chakha island, there is 
nowhere to tho south more than 10 fathoms at low water, except in the 
mouth of Salaya creek. 

“ This port, the entrance to which lies between Karumba and Dhuni 
trees, may, at no very remote day, become the Liverpool of Kathiawar. 
Salaya is already an important native port,being the bandar of Khambhalia, 
a large town about 6 miles inland, and its position, as regards the cotton 
fields of the peninsula, together with the great depth of water in the 
inlet, .and tho perfect shelter it affords, mark it out as deserving the 
attention of European merchants. The fact of its belonging to a 
Native Chief, who has no one to advise him on maritime matters, 
hinders the development of trade at Salaya inlet, which has as great a 
depth at low Water as the Mersey of Liverpool can show at high water in 
its entrance. Salaya Khadi month is in latitude 22° 28' N., longitude 
69° 32' E. ° 

“ From Karumba trees a thin low strip of sand, with mangroves on 
tho sea-side, runs to W.S.W. 2b miles ; its West end is higher, and has 
bushes on it, the tops of which are 10 feet above high-water mark. The 
rocks dry a little more than a mile West of this sand, and a vessel will 
find excellent shelter in this entrance of Salaya inlet, or Khadi, from 
N.-Easters, by anchoring 2 or 3 cables length from the reef, in 6 to 10 
fathoms, mud, with this nearest point of the sand E. by N,, after 
Karumba trees have just passed behind tho North point of high-sand • 
and with a large banyan tree on with a little conical hill (1H miles 
inland), bearing S.S.E. * E. These last are the leading marks into 
Salaya creek. Towards low water tho reefs are well defined, and at any 
time tho mast-head look-out man will discern them, when within 2 or 3 
cables length. 

“ This ^ iuft of trees on sand, G miles W.S.W. of Karumba, 
forming the West point of Salaya Khadi, which runs up 0 miles to 
Salaya bandar. The principal town to which goods are carried by land, 
j s Khambdlia, which is G miles Southward of Salaya. The creek is 
known by both names, Salaya and Khambhalia; it has not yet. been 
surveyed on the large scale, and a vessel bad better take a pilot at Cutek- 
Mandvi, if bound to Salaya. 

I Ins is a little island covered with trees, the Ne th end of which is 
in latitude 22 32' N., longitude Gi)° 23’ E., «> mil* N.W. of 1)1, ,,m h . 
and hence to Vo mini, the North point of Okh:mi:n 1x1, this-end >f 
gulf has nothing but reefs and island;, wit!, .»,,<] < Lain,- la > n -,. ■ j 
them, whif.ii are rn.j.si useful to coasting craft durum Ihe prevat-n.v of 
strong breezes, when therein a heavy swell outside Chakha is the N.E 
B 155— 3 
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of four islands on the Great Baral, or Chaklia rcof, the North face of 
which is 10 miles in length. The N.E. end of the reef forms in a full 
semi-circle, with a radius of 1| miles round Chaklia island; after the 
first quarter-ebb, the rocks at its margin begin to show themselves. 
Chakha bears about S. by E. from Mandvi. 

“ This danger, on which a small post used to be visible, lying rather 
less than a mile from the East edge of the above reef, bears S.E. by E. 

miles from CMkha trees. 

“ To the East and S.E. of Clidkha trees there is good shelter for ships 
of any size against Westerly winds ; the beacon on Bubasir rock formerly 
made navigation easy, and it should be re-erected. A good anchorage is 
in 5 fathoms, mud, at low-water about 1 mile S.W. of the rock ; but a 
vessel only taking shelter for a single tide, may anchor to the North of 
it m 8 or 9 fathoms, mud, just on the edge of the shoal soundings, with 
Bubasir beacon S. by W., and Chakha trees West. 

“ This anchorage on the East of Chakha for the S.W. monsoon is 
worth knowing. A vessel disabled between Dwarka and Kurrachee, and 
unable to claw off the coast, need not now, with the latest charts on 
board, have any fear to seek shelter in the Gulf of Cutch. Rain seldom 
falls hereabouts, and the shore is not so completely hidden as off 
Bombay, In the daytime the towns and trees between Dwarka and Bet 
island will be discerned from aloft, and a vessel can run in either to 
North or South of Beka shoal. After passing Chinri reef, she would bo 
unable, with a S.W. "wind to haul up to the Southward to clear 
Hanuman-danda and fetch the anchorage on tho East side of Bet island 
without tacking ; therefore, we recommend her to run for the sheltered 
anchorage behind Chakha. To do this, she must stand to the East along 
the North face of tho Baral reef. Care should be taken, in approaching 
this reef at high-water, to keep a good look-out for tho trees on Noru 
and Chakha, which should not bo approached nearer than 3 miles till 
the vessel is off the latter, when she should haul up to the S.E., when 
Chakha trees bear South and then the water will soon become smooth, 
and she may anchor in 8 or 10 fathoms, mud, about one mile to the East 
of Bubasir rock, and 3 or 3£ miles from Chakha, with the trees bearing 
W.N. W.; in this position the ebb sets to N.W. and the flood to S.E. 

Large native vessels (Koliyth , often called Dhows) arriving from tbo 
Malabar and African coasts, after the commencement of the S. W. 
monsoon, seek shelter to leeward of Chaklia, and thero discharge the 
bulk of their cargo into smaller boats, which, watching their opportunity, 
bring the goods over to Cutch-Mandvi; tho larger vessels follow at 
spring-tides, and boldly run into Mandvi creek at high-water in tho 
daytime, when the tides arc highest. 

“ Between Bubasir and the Dhnni fringing reef (tho latter is b miles 
S.E. of the former) the bottom is generally mud, though a few oasts of 
hard ground were found, but the water is not deep. In working to tho 
Westward amongst tho reefs and islands, the native boatmen usually 
wait till the falling tide makes tho banks apparent. The most minute 
description of the channels amongst these islands would not be sufficient 
for the guidance of a largo vessel, which .should take a native pilot, as 
the tides arc so strong in some places; and an intimate knowledge of 
their set is necessary, as the eddies make a vessel unmanageable in light 
winds. The set of the ebb stream during tbo first hoar of ebb, when it 
runs out over the reef, is of course very different from the direction it 
takes after half-ebb, when if is confined within narrow, deep channels. 

“ This yast coral reef surrounding the islands of Chakha, Norn, Bida, 
and Chuera, is completely covered at high-water of spring-tides; the 
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ids onlj being then visible. Its North face is very deep-to, the 
S'lS u-regdar from 20 to 30 fathoms, and the tide rushes by 

15 to l0 &° f 4 u°, b kn ° 1 fcs - , 0£E its N.E. end the water is shoaler, 
ro i _ ,■, ms > ^ n ‘ i beyond this there is a bank, on which aro found 

which extend^ ° ‘ a ?i^ 3 bvthoms : there is no danger on this bank 
cl l , e s , more t]i an 10 miles to N.E. of Chakha, although the 

c ”'° L “" J » a 

? largo, low, mangrove island, on tlie Great Baral reef 

ttSt SKf Chdl t> i ibis nearly 3 miles in lengtb 
mst and West; its North face is fronted with sand, at the East end of 
which are the highest trees, about 25 feet- above high-water. On the 
North of Norn the Baral reef is deeply indented, and the soundings are 
mostly mud near the reef iu the two angles, where small coasters g when 
wheroTh^vn'ih? WcS * tei ft winds > can at low-water find anchorage, 

fvnlwf 3, 1;S ,, a man ? ro 7° bland nearly 2 miles across ; its West face is 
lonted with sand, the North end of which is highest, being nearlv 20 
above high-water 5 it lies 3 miles S.W. of Norn, or a^t half™ 
towards Chusra, and about 5 miles to E. by S. of Paga sand. 7 

i a sm:ld rocky islet, with a clump of trees on its North end 

Barll 9 *'% mil . C . S . S,W - of Bida ’ and marks the South extremo of the 
roel-s ni aS Jt i S 0uly 3 cablcs length witbin tho Soutl1 point of the. 
inner* channels'! tl ’° eS ”° a m ° St eXeellonfc mark for navigating these 

tliT wSt5f SrST e f < ? B:U ' al r e . ef >y hic { 1 ex tends nearly G miles to 
the rocks at g n'1 tr0CS - aad » H miles to North of Chusra, has 

more t],! lts ed S e pil cd up in three places, which are dry in rather 

zzsrjxtrz T >* j 

nvirh fhnf i fc •\ A beacon on that point would boa valuable 
winds ,v vessels might avail themselves of the shelter against N E 
winds afforded m a snug anchorage with a depth of 4 or 5 fathoms' 
niudd.) bottom, 3 or 4 cables length to the West of the fringiim reef’ 
tlic bearings for winch are as follows: g ° lee *» 

‘Chaklia trees (seen from aloft) just touching the North sandv 4W 
oHsocn islands, bearing East, and Chusra trees bearings byE i? 
(on with Quoin hill on the mainland, which is 15 miles distant and onto 
seen above the deck, and in clear weather). This is a good anchoiZf 

£*£ y* »»'* i»», »..C; SmSSt 

the b rath of it there are patches of shoal water ; and a bank of sand 

n 0U1 'V° 7 fathoma ' oxt ends to the Westward 
ot Chinn reef, and Southward to the P&ga reef; over this hank the 

inthe aro 0V01 T whe m illike - ranging between 5 and 10 fathoms; but 
of the 1 l 1 ’ 0 th ? 1V , 18 a de ®Pm’gofc. having 12 to 15 fathoms; the bearing 

of the land must then be the solo guide, as the sounding excent when 
ii the centre, will not indicate a vessel’s position ; andf at spring-tide* 
tho npphngs and breaking water frequently alarm a stranger. g ' ’ 

Bi^aUowtoJ 1 ! 3 3 mil ° 8 t0 the ., N ^ T - <* trees, and to tho West of 

Jun ii passage one mile broad between it and reef. It. 

gicatcsl length 1 , nearly 4 miles S.E. and S.W. On its W, .t < 

s,v,ae; 1 forms » good thunk; this soud-benp lies 3 to tho 

fi llS ir'/ :W i • "i . ..';t V nd \ ,f n " rdencl. OKImim indul table land X Iv’ 

bluff (which is H nidus South of Poslatara), seen between tho Brothers' 



Anchorage. 


Pdga or 
Tiirtlu KooL 


misr»„ 



Cliinri Kecf. 


Beyt, Bst/ or Bate 
island (properly 
Slum k hod v dr). 


Shelter at East 
eud of Bet. 


Pouhitara Bay. 


20 

or Sahn islands, is the mark wliicli 'will keep a vessel clear of the S.E. 
exti’erue of the Paga reef, and will lead in clear to those islands. The 
highest peak of the Barda hills on with, or one degree to the left of the 
highest part of Ajar island (seen from aloft), clears the N.E. side of 
Paga reef. The North lip of the reef (which never shows above water) 
lies 3o miles to the East of the Cliinri sands, and bears about W.S.VV. 
from the anchorage described, as available during N.-Easters, at the 
N.W. extreme of Baral reef. 

" This reef, about 2 miles north of Bet island, has also a sand-heap 
only covered at high springs, on its South side, which bears N.W. by 
W. o W-, do miles from Paga sand; the reef that dries extends more 
than 1 mile and shoal water nearly 2 miles to the North of the sand ; the 
east extreme of this shoal water bears E.N.E., nearly 2 miles distant 
from the sand. To the South of Chinri sand the reef is deep-to, and 
there is a passage, one mile wide, between it and the reefs of Bet island ; 
and between it and Sainia island, the water is shoal, with overfalls from 
3 to 8 fathoms. 

“ The East end, composed of sand-hills and bushes, and 3 miles to the 
West of Paga sand, is called Hanuman point, aftor a tomplo of that name, 
situated about mile within the point. The reef to the North of this 
point is called Hanuman-danda, and extends Westward for 1J mile to tho 
N.E. of the sand-hills that border tho N. side of Bet. Tho island from 
N.E. to S.W. measures 5 miles; but, being a narrow and crooked strip 
of land, is in its windings half as long again. Its 8.W. half is rocky 
table-knd, about 50 or 00 feet high. Temples in honour of Krishna 
abound; the population, principally Brahmans, are mainly supported by 
pilgrims who resort here. When Bet fort was taken from the \agkers 
by^i British t'orco in 1850, some of tho principal temples were blown up 
with the fort; before that time the island had 500 houses and 3000 
inhabitants. 

“ Bet fort flag-staff is in latitude 22° 27-V N., longitude G9° 5 f E. 

“A vessel, coming in along the South side of Chinri reef, must pass 
its sand-heap at one cable’s distance, and stand to tho Eastward, not 
letting Arambbada Tower disappear behind Bet island, till Chusra trees 
just touch the right or South sido of Paga sand, which bearings will lead 
her clear of Hanuman-danda ; then she may steer to the South-east will* 
the latter marks on, gradually opening them as she hauls to the South 
;ind as the Kiu hills begin to appear to the left of the bushes on Hanuman 
point, when she may steer for those hills, keeping them just open to the 
South of the bushy point, or aliout S.W. by S. (according to tide, 
remembering that the ebb will force her to Westward against tho 
H an a ma n - d a u d a) ; and then anchor olT the East end of Bet island as 
follows : 

“Anchorage off the East end of Bet Island, well sheltered from Westerly 
pah s, and approached as above, may be had in 5 or t> fathoms, mud, 
rather more than half audio from tho shore, with Hanuman temple N.W. 
by W., the sandy extremes of Bet island, from S.W. by W. to N.N.W. 
(the Chinri sand being just shut out of sight by the latter bearing), 
where the ebb sets to the Northward, but the flood is scarcely perceptible. 
To the East of this anchorage the bottom is rocky, so it is well to anchor 
near the island, the water during Westerly winds being perfectly smooth. 

“ Between tho sandy S.E. side of Bet island and tho mainland of 
Okhamandaf the passage is very shallow, having a bank in inid-channel 
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wind* is nearly dry at low tide. The wider deepens towards the south 
extremity ol the island, hut the many sunken rocks make it unsafe for 
navigation without a pilot. Poshitam point is nearly 4 miles S.E. of 
the east end of Bi t, and the town of Poshitara is on high ground nearly 
2 miles S.W. of the point; there are two large banyan trees to the N.W. 
of the town, which are conspicuous objects. There is a sunken reef 
oue mile to north of the point; and to the cast of it, foul ground for 
nearly 2 miles. A sand-bank on this foul ground, called Boria , and 
only covered towards high-water, marks the east extreme; but a 
separate little reef lies to the northward, between which and Paga reef 
the fair channel is H milos broad. Chnsra trees, touching tlic° north 
end ol Ajar island, are the leading marks through this passage, 

“ When clear to the north of these Boria reefs the Kin hills are a 
little open to north of Poshitara point. When'clear to the east of them, 
the S.E. bluff of Okhamandal table-land is seen between the Brother 
islands. 

t hese two islets, called by the natives Shan , are situated 21- miles 
S.B. by S. of Poshitara point; the western one is largest, with a flat 
top, about GO feet high; the other is a small conical islet. There is 
good anchorage at £ mile east of the Brothers, and also on tlioir west 
side in 6 to 10 fathoms, mud, and sheltered from all winds. Attention 
has lately been called to this Poshitara harbour as affording deep-water 
shelter for the largest ships, within half a mile of tho "mainland of 
Okhamandal. This territory belongs to His Highness the Gaikwar of 
Baroda. 
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“ This rocky islet, in latitude 22° 29' N., lougitudo 69 c 4‘ E„ hounding 
10 north side of the Bet inner harbour, has a sandy spit stretching off 
ono mile to the N.W. There is a little tomb called Saiani Fir in the 
centre of the island standing 40 feet above high-water level, and a light¬ 
house has recently been creeled by its side which is (lie most useful 
mark hereabouts, and may be seen 0 or 10 miles from a ship’s deck. 
Gurur.shoal of sand and rock, on which there are various depths of water 
from 10 to 31 fathoms, extends over a length of 10 miles N.E. and S.W. 
and has a sandy knoll, called Bel:a, just dry at lowest water of spring tides* 

• on the N.E. end at 5 miles from the mainland ; Bet coconnut trees -just to 
the right of Saiani Fir, bearing S.E. i S., mark this little patch which 
dries at the lowest spring tides. 

“ c ! c l>th between the Gurur shoal and the shore reef varies from 
Ik to 20 fathoms; tho bottom is sand and shells. The south and west 
parts of the Gurur are free from danger; but to avoid all risk do not 
bring Hwarka tcmplo inside Kachluga.dk fort, or to the southward of 

% {h - lllc S'ndh end of Gurur shoal is connected with the shoal water 
oil (diora sand-hills by a shallow neck, having 10 fathoms water, with 
much deeper water on either side ; but as these inequalities in depth are 
so deceiving, ships had better pass to seaward of the Gurur. 

45 Between the Gurur shoal and tho main, during a calm, on tlio obb 
tide, the sea sometimes breaks even in deep water, and on both tides 
. are “ eav J ri l>l ’lings, causing alarm to a stranger. W Gen standing 
in towards the Gurur, the change in the colour of the water, iho 
iippings, and groat quantities of sea* weed in la’go patches driftin'* on 
t lie surface, would sufficiently point, it out by day. But the hoi: ml mgs .to 
<■ sure guide; the *20 i at hums line is decidedly marked, and IT. f c i* 

will, when the Hood lid, nccelerat,* the vessels sptvd/ geJiuiully s | lua [ 
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10 fathoms at a cast. During westerly winds there is a hollow breaking 
swell on the Gurnr. 

“ By niqht a large ship not bound into the Gulf of Cutch, should not 
shoal under 20 fathoms, off its mouth, as the following bank lies to the 
3ST.W. of tHe< Gurnr; . 

“Lushington Shoal , called 1« Mor by Cab* ft#** M 
natfh of sand and rook, the former doubtless brought by the currents 
from the coasts of Sind and Cutch and deposited ou the rooky nucleus, 
where the ebb from the Gulf of Cutch conflicts with 
current of the S.W. monsoon. It is supposed to be gejfeg 
gradually 3i fathoms at low water was the least found m l«oJ, in 

16 fathoms at 2 miles to the south, and from 20 J 

e«r 'iT.fS “"don 1 

10-tatW book eolond. 16 mile.. . Shoal potekos of '* £ w°“de'XI,S 
west of it • from 10 to 11 fathoms is the depth on its N.W. side, ^nence 
the water gradually shoals to the Cutch coast To the east betwee 
and Eanwara shoal, there is a deep gut with from 30 to 35 fathom*. 

•« The 8* fathoms patch of the Lushington shoal is ni ati udc 2 o7 H., 

miles, and Dwarka temple S.S.h. 25 miles. u . 

“ The Tides on Lushington shoal sot E. by N. and • 17 ’ l0n \ 

2 i knots per hour. High water on full and change at llh. 30m., when 

the ordinary rise is 10 feet. , „ , f , 

“ nVtr a steamer or a ship with a fair wind, bound into the Gulf of 
Catch the passage between the Gurnr and the mainland of Okhamaudal 
slin nld be used care being taken that, in giving that shoal a wide berth, 
the vessel does not go too near the spit off Sarnia. _ The fair ohannel is ,, 
miles wide. From Dwarfea the tides mako strong m and out of the Gulf 
of Cutch, sotting with the line of coast, 2 or 3 knots per hour, nicies 0 
to 3 or 4 as Bet is approached. 

“ Vessels bound to Mandvi from the southward, P^rng between 

0 J”“nd U*M~ .bo* *?*£?£££ 

gadh fort in one, or bearing S. by E so toga* ^ eh0llW be steered 
for[ and wilf bear aboutN.K 20 miles distant from outside the Gmur. 

- To the north of S 

b { ,;1< l !ir tS 2 VestSefpTr 

which set cast d ^ of Nanao l.iU leads clear m mid-chanucl 
ti tween Lushington and Gurur shoal. A stoamcr may conveniently pass 

Sand V wlll not only make more certain of steering straight for Assar 
tomb on the Cutch const, but will save several mik-s. 

S’S.’&ftS m 
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the passage round the east side of Sainia island is preferred, as ; 10 ioi *v llavbour. 

point of its roof shows itself so plainly, and a vessel should pass quite close 

to it. There is no flood tide felt in this passage, though northward of it 

across its mouth the flood stream runs 3 or 4 knots to the cast and the 

ebb runs out to N.W. A sandy spit extends for a mile to tho N. W. 

of Sainia island. Belca slioal, the N.E. end of Gnrur, which lias a little 

sandy knoll, dry only at lowest spring tides, is marked by Sainia tomb 

■just to the left of Bet cocoanut. trees. Therefore, when the trees are seen 

clear to the left of Sainia island (seen best from aloft), tho ship is well 

clear to the cast of the Gurur shoal, and should stand onwards to ... 

allowing for tide, if bound into Bet, with those marks a little more open 

till Ghinri sand bears east, when she may gradually open out tho whole of 

Bet Island to the left or eastward of Sainia island. 

“ To enter the passage along the east side of Sainia .—Having arrived 
(as above) within a mile to tho north of the island, keep a look-out tor the 
N.E. tip of its reef, and steer for it S.S.W., paying great attention to the 
tide, which rushes past the tip of the rocks with great velocity, d wo sandy 
points of tho Okha shore between Sainia and ^rambhada will be seen 
in line ahead ; keeping these in a line will lead a vessel in clear to the eas 
of Sainia reef, which is only partially covered at high water ; steer o.o. 
along tho east side of the island, not opening out the sandy points till the 
south end of Sainia bear W.N.W., when a vessel may go a little further 
south and anchor 2 or 3 cables to the east of the first sandy point, Okha 
point, in 5 to 7 fathoms, and with Vornani point, which is one mile to 
S.W. of Sainia island, bearing west. 

ec With a west wind a ship must wait till half-flood, and then cross Bet 
Bar, with the east sandy point of Okhamandal on with Bet fort; in this 
passage she will havo more than 4 fathoms towards high water. When in 
the deep water (with Sainia Pir hearing east), where it breaks even in 10 
fatliotns when the tide is running to windward, she must borrow towards 
the south end of that island, and when up to it, haul to the south and 
anchor to the eastward of Okha sandy point, Vornani mound bearing 
west, as before.” 
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The remarkable region called “The Ran of Cutcli” may bo 
divided into two portions, the Greater and Lesser Ran. 1 he 
Greater Ran is that vast tract of perfectly flat country about the 
level of ordinary high water lying between Cutcli on the south and 
tho Tkull Desert on the north, and on the east it is bounded by 
Guiarit Territory. It bends round at its eastern extremity and 
becomes the Lesser Ran. This Lessor Ran commences between 
Clutch and “ the Chordr,” where it is only some 12 miles wide ; it 
extends to the south, spreading out to the east and west until at its 
southern boundary (i. e., the north of Kathiawar) it is some GO miles 
wide: it again bends at its south-west corner betweenShikarpur and 
Wandhiaf Cutcli, and Malia in KfithidwAr, where it is only about 
5 miles wide, and goes on to the Gulf of Catch, spreading itse 
out like a funnel until it reaches the Gu.f ol Cutcli. The present 
article refers to the Lesser Ran. Opinions are very varied as to 
tho formation of the Ran, and its character; some 10 years ago the 
ouestion of tho secular depression of the Ran gave rise to a series 
of articles in the newspapers, and the attention of Government was 
directed to this subject. This resulted in tidal observations being 
taken with great care by first-class instruments at three points on 
the Gulf of Cutcli, and lines of levelling being executed m connection 
therewith : these lines passed over some 50 miles of the Lesser Ran 
at different positions, and thus the actual relation of the mean level 
of the sea with reference to those portions of the Kan was deter¬ 
mined very exactly. A repetition of those operations about -0 years 
afterwards will settle the question of the s^ulax changes supposed to 
exist Those operations woro conducted by Captain Land, k.L , 
under the orders of the Superintendent, Great Trigonometrical 
Survey. A more detailed account of those operations is given 

further on. . 

It may be as well to give a more exact description of the limits ol 
tho Lessor Kan. On the cast it is bounded by the districts of. 1 fttn, 
Jhxniuv&da, and W&rdhi in Gujar&t; by the Chorar on the north,— 
the Chorar simply being a piece of the mainland, formed into a sort 
, lf jaior.d bv being divided from the Cujardt mainland (or coast, if it 
may be so called) by an exceedingly narrow strip of the Ran Then 
on the west the Ran is bounded by those portions of Cutch, called 
F'Uehgadli, Adesar, and Wdndhia; the mainland of Catch stro el,- 
,wWto the west towards Anjar, becomes the northern boundary 
of this part of the Ran. The Ifcl4r Pvunt ,of Kathiawar u> on 







misr^ 





) 


30 


15 




23 












































































25 



^tEe opposite side of the Ran at this part, while the Dhrangadra 
State of Kathiawar forms the southern boundary of the main 
portion of the Lesser Ran. 

Captain Trotter, R.E., in describing the Ran, in 1873, with Appearance o 
reference to its appearance from the Kathiawar side, wrote as 
follows : 

“With the exception of a few antiquarian remains, the country iB most 
uninteresting : no mountains or even hills worthy of the name, no fine 
rivers, or large forests, or picturesque views meet the eye. Towards the 
north, a partially cultivated treeless plain is all that the traveller sees, 
with an occasional tank, whose low banks form the only practicable points 
on which to erect stations for our triangulation. This plain gradually 
merges into the Ran of Cuteh, an extensive desert about which much has 
been written by various authors, but of which a short description will not 
be out of place here. 

“It is a vast and perfectly flat tract of desert, without a scrap of vege¬ 
tation of any kind, and so little lower in level than the country to its south, 
that in many places it is impossible to say where the Ran begins and the 
mainland ceases. There is often, however, an intermediate strip of land 
between the cultivation and the desert, on which grows a short stunted 
grass, the food of the cattle and wild asses, when they can get nothing 
better. On the other hand, portions of the Ran extend inland in bays 
, meeting the sandy beds of rivers, which all sink and are lost in the sands 
soon as they come in contact with the Ran. 

“ In some few places islands rise out of the midst of it, generally show¬ 
ing marks of volcanic action. Some of these islands are more or less 
covered with grass, to collect which, carts are sent over at the proper 
season from the mainland. In the cold weather it is possible to traverse 
the Ran with impunity, ns, although the sun is alwaj s hot, yet there is 
generally a cool breeze blowing up from the sea on the w csfc; but, in the hot 
weather, I have been assured that to spend p day on the Ran would be 
almost certain death. I have heard of more than one authenticated caso 
where men have got lost on the Ran and have wandered about in a circle 
until they have fallen exhausted. I can quite imagine this to he t rue, 
for, as the hot season advances, the dazzling glare is blinding and the heat 
Overpowering. The mil . distorts and magnifies the smallest ob 
into tlio most wonderful shape- a stick appears like a tree, and a stone 
like a hill, and no distant object can be seen at all. 

“The composition of the surface and a, subsoil appears to he in tolerably 
regular layers of sand and clay with a large quantity of saline matter 
admixed. This saline deposit attracts the moisture from the atmosphere, 
and the surface is then frequently damp. For some months in the >eer 
the Ranis underwater. When the prevalent westerly winds begin to 
blow in March, the water in the Gulf of Catch is gradually heaped up, 
and it advances in a slow wave right np the Ran until 'the fall of (he 
monsoon in June, by which time almost the whole of the western portion 
uncovered with water, varying from a few inches to a ft w tout in d< pth. 

When the rain falls, fresh water is carried into tho Ron by . he riv« r* that 
empty themselves into it, and the whole becomes a vust lake- rues here 
more than a few feet in dopili, and which subsides gradually id the chi.se 
of tho monsoon. Tho admixture of (lie freid* and /-alt. water kills large 
numbers offish; and I have, in Grossing rh Run. cninr aei.as the 
remains of myriads of prawns whi« h appear to have met (heir death in 
this manner. 1 have also in the. celd winiher -cim luup.s of dead locust ,, 
which, fortunately for the inlmhifnuts of Kt thin war, have fallen victims 
to exhaustion in crossing this dr-ert tract 
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“ The Ran is crossed by several cart-tracks. Some of these, towards 
the head of the Ran, are only closed for a few weeks in the year, and 
are even then open for horsemen and foot passengers ; others, near the 
head of the Gulf, are closed for half the year, viz., from the first rise of 
the water in March or April until the subsidence of the waters after the 
monsoons. At the head of the Ran are the new and extensive Govern¬ 
ment salt works at P&tri.”* 

Captain Pullan, writing the following year in his official report, 
gave the following description of a portion of the Ran : 

“ The scenery at the head of the Gulf of Cutch is very peculiar : first 
there is the distinctly marked line of cultivation,—cotton, wheat, ‘bajri’, 

making a pleasant variety of colour and outline; trees are dotted about 
and villages stand out in relief against the sky, or show white agninst 
the green masses of the ‘tope’ of trees which almost invariably surrounds 
them. Next comes the dry salt-impregnated surface of the Ran, half 
sand, half black earth ; here and there a stunted bush or two to dot the 
waste, but, as a rule, it is utterly hare and desolate. A low' range of 
sandy hills shuts in this Ran from the wiclo-spreading swamps which 
extend as far as the eye can reach, and arc covered with a dense thicket 
of almost impassable mangroves, and intersected with a close network 
of salt streams. The sea itself is away beyond the mangrove swamps, 
and at high tides the waters of the Gulf roll up, covering the morass 
and washing np the very foot of the sandy hills. A white sail dots the 
horizon here and there, and the observer is cheated for the time into the 
idea that he is on the sea-shore; hut a few hours after, the illusion is 
dispelled and the sea might bo far away, save for the cool salt breeze 
that pours through tbe tents, and brings a reminder of the vicinity of the 
ocean. While surveying tbe country bordering on tbe Gulf, I witnessed 
some very beautiful effects of ‘ mirage ’: at midday more especially, the 
surface of the soil, glittering with saline particles, seems changed to a 
glassy sheet of water, the scattered villages assume larger proportions, * 
houses and walls appear gigantic, trees again double height and bulk’ 
while all appears reflected as in the waiters of a placid far-stretching lake; 
but, while the observer gazes in admiration and wonder, the beautiful 
vision fades, or rather passes on to light up another portion of the coast 
in like manner. On another occasion the smooth salt surface of the ooze 
became a still summer sea, such as Van de Velde loved to paint, and on 
its bosom lay old dismantled boats, white gulls flitted here and there, and 
far away tbe grey line of coast closed the picture in the extreme distance. 
Had I not known that the Gulf was fi miles off and hardly accessible at 
all from land, I should have thought myself within a few" minutes’ walk 
of tbe sea, so perfect was the illusion. Nothing grows on these salt 
morasses, except mangrove and a long coarse grass in scattered patches. 
Various sea-birds feed at will over the slimy ooze and along the edges of 
the salt streams that wind their way through tho swamp, and in the early 
morning herds of antelopes may be seen hurrying back to the borders of 
tho cultivation, after having eaten their day’s allowance of salt on the 
edge of the Ran. 

* I war agreeably surprised 1o find that drinkable water is procurable 
even during tho summer all along the borders of the Ran. Here aud 
there the surveyor has to send several miles fur good water; but, as a 
rule, a little care and arrangement is all that is required to enable the 
traveller to obtain drinkable water all the year round. 


‘ V- Thersi; works are called the KhdrAghoda salt works, aud arc not flew, 
though they have been greatly enlarged of late years. 
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u A very large number of camels are bred along tbe borders of the 
Gulf between Jodiya and Malia ; droves of them may be seen wandering 
here and there over the swamps, browsing on the mangrove; inured 
from tlicir birth to the treacherous slippery ground, they pass along safely 
over the ooze and swamp, where a Bik&nir or Hissar camel would slip 
and fall before it had gone fifty yards—in fact, where any camel but this 
peculiar breed would refuse to go at all.” 


Captain Baird, R, E., wrote of tbe portion of tbe Ran between 
Malia in Katlii&war, and Shikarpur in Cutch, regarding bis work in 
levelling over it : 

“ Between Shikarpur and the Ran the country is almost entirely 
uncultivated, and there is a series of hillocks composed of fine black sand, 
which are covered with dense vegetation. These hillocks appear to be 
moveable; they are dotted here and there over the plain, but the hillocks 
in the immediate vicinity of the Ran are tolerably high, and form an 
almost uninterrupted chain for a mile or two to the west, and running 
nearly parallel to the general line of the Ran. 

“ On the Kathiawar side opposite, there are no hillocks, but a tract of 
waste land for one or two miles, which is cut up by a great number of 
nallahs ; then wc find a mile or two of cultivated fields occupied by tbe 
Mianas (who are considered a race of professional thieves). Tbe villages 
of these Mianas are scattered all over the country here, aud there are some 
200 of them near the town of Malia. Each village consists of a few 
straw huts surrounded by the straw hedge, and the flag of the headman 
of the village is conspicuous in each case on the long bamboo stuck into 
the ground in front of his hut. These Mianas are considered most trouble¬ 
some people by the officers of the Political Agency. 

Tho Ran itself, between Shikarpur on tbe Cutch side and Malia on 
the Kathiawar side, is some 8 miles across ; but of this, only G miles can ho 
used for the determination of the general level of the Ran, as the ground 
close to the mainland on each sido is from a foot to 18 inches higher. 
This part of the Ran is perfectly dry from November till tho end of 
March ; but about the end of April or beginning of May, it is covered by 
tbe water from the extraordinary high tides, and the water is also forced 
up by very high south-westerly winds which always prevail at that time. 
The Hansthal Creok, boiug almost like a funnel at the end of the Gulf, is 
acted on by the full force of this wind, and the water from tho Gulf is 
thus conveyed far up the Ran. 

“ The ground over which wc levelled was almost quite dry, and has the 
usual appearance, blackisb-grey colour, with here and there patches of 
glistening white from the ts.tlr deposited after evaporation.” 

Colonel Barton, Political Agent of Cutch, writes of the Region 
immediately north-west of the Hansthal Creek : 

“ The inner gulf is a shallow lagoon about ten miles in length from 
north to south, and eight miles broad from east to west- It is surrounded 
with swamps, huge expanses of which lie to the west and south, while to 
the east the swamp gradually disappears in the lesser Ran, These 
morasses are covered with water at spring tides, and during tho prevalence 
of the south-west monsoon. At other times they arc islands inisod slightly 
above the surface of the water and covered with mangrove bushes. A net¬ 
work of tidal creeks called ‘ nesses ’ is sc aKcr«*d through the morasses 
and serves as tbe arteries through which tho tidal water flows from the 
outer to the inner gulf. The main p ipsmu'c in denominated tin: ] Juubt hnl, 
which is about five miles long ami from half a mil ' to a mile broad, and 
j.. ver ^ deep. Taking the inner gulf io represent a nearly circular bottlo, 
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the Hansthai is the neck which supplies the bottle with water. Ihe tide 
also flows in by the Nakti and Kundlo creeks, and laterally through a 
labyrinth of creeks which run at right angles to the Kundlo from Roher 
on the mainland, in an easterly direction to the oner ;gulf. The^pre^ 
fnrm tlie northern boundary of an island called the Sathsaidft Bet, the 
Western limit! being the Nakti, the eastern the inner gulf, and the south¬ 
ern the outer gulf, and the Hansthai passage. The area of this island 
cannot be less than fifty square miles, and it is utterly desolate. Covered 
attunes by tidal water, its surface is then only distinguishable by tfie 
man-rove bushes with which it is dotted. Camels grate there when it is 
not submerged, and strangely enough, there is a spring of sweet water in 
the eastern part of the island, which though overflowed by the sea at times 
still retains its original properties.” 

Mr. Peyton, of the Trigonometrical Survey, wrote, in 1876, about 
that portion of the Ran to the west of Patri and Jhiujuvada, as 
follows : 

“ Prom the mainland on the east, there is a slight but marked descent 
to the edge of the ltan, the intervening space being covered with short, 
drv grass, and fragments of sandstone and fine white flint ; but gradually 
the rock and vegetation give up the contest with the encroaching so ir 
When I first saw the Ran from the rising ground south ot the tank at 
Jhiniuvdda, a sand mist rose on the plain in front-, and underneath the 
surface glistened as if some broad stream were sleeping ill the sunbeams, 
in the cold season the Ran is partly covered .with surface water, ofeen 
nearly dry by the end of February, and partly either by hrm and rather 
moist sand and mud, or by a crisp white cuat.ng ot crystallized salt. As 
the hot weather sets in, a scorched naked plain is all that is left, and upon 
it the sun beats down with au intensity of which no one, who has not 
travelled there in April and May, can form any idea. Then, as the rams 
berin or as the tidal waters advance up the channel of the gulf of Catch, 
th." ltan is submerged and looks liko an extensive inland sea. In olden 
times the ocean here beat upon a gently sloping shore, forming bays and 
occupying much of the level tract of the east, now covered with cotton 
cultivation. At a later period, a narrower limit circnmscnbed the waters 
till the last remnant of the sea was but a long strip of an average breadth 
of 40 and 50 miles, enclosed by the cast-lines of Catch and Kathiawar. 
At the final elevation of this tract, the waters receded to tlio mam ocean 
through the Gulf of Catch, leaving a briny sediment to encrust the new 
nifties’ and impregnate the drainage of the adjacent districts. The 
traveller from Jhiujuvada approaching the Ran might well imagine that 
the sea lind only ebbed for a few hours from the sandbanks in front, i he 
withdrawal of the ocean is inscribed on every mound he passes. 

-The Ran presents a variety of surface. In several places it has a 
thick coating of salt, crystallized by the action of the sun. This 
encrustation ia sometimes more than a foot thick. I ho banks of the 
Rupen present a singularly white appearance, and the illusion of a 
half-frozen river covered with a heavy full of snow would bo complete, 
hut for the intense heat of the aim overhead. Where only & film of salt 
lies on the surface, the Han h of a cream-white colour. Whore clay 
Died .minutes, it is honeycombed with crooks. Thou again in several 
nhec- the mud is contracted into sancer-liko forms, the edges being somo- 
£V showing that after the water that collected in the rains, had 

drr d un ieavmg the edges soft, the heat had eventually baked and 
caused (ho mud to contract and curl up in the above-named form. Here 
and there the mud is disposed in layers, which crack oft m places from 
ea< h other like the sheets of an unbound book. It will thus be seen that 
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a traveller in tlie Ran comes across a variety of ground. At one time 
he laboriously picks his way over a surface broken by fissures; at- 
another, he sinks deep in mud, or finds himself on a hard bed oi very 
firm clay, on which the foot scarcely makes any impression. On one clay 
he plunges for miles knee-deep in soft mud and loose sancl-dnrts; 
the next day he is on a hard pebbly surface, which permits a canter tor 
hours over the level plain, amidst dwarfed, leafless, and dust-colour e 
shrubs. A feature of the Ran which must not be unnoticed is the 
phenomenon of the mirage. The most beautiful mirages are seen here. 
They most minutely resemble seas and lakes, in which trees, hills, barren 
grey rocks, and everything in their vicinity are reflected as if m the 
clearest water. They form a remarkable contrast with the stanng dry 
desert, and have probably deceived many a poor wanderer. If one be not 
aware that no w r ater is there, it is quite impossible to distinguish the 
appearance from the reality. The common kind of mirage is that which 
exhibits a sheet of calm, blue water, presenting it as close at hand, and 
then withdrawing afar off, always deluding the eye with imaginary and 
ever-changing distances. Very often in the middle of the day, when the 
sun attains its full force, the distant plains seem converted into a sea 
of class It is curious to notice tlu? appearance of Jlulananci with its 
grass-covered margin, and here and there bright bits of sparkling water. 
There is the sea of glass, no doubt j but the land, covered as at is sore to 
be with vegetation, from the thm line of golden sand at i ' 

summit, looks like an extensive oasis, not only standing out of water, hut 
suspended in tlie air. Land and water do not meet ; you can see a broad 
band of space separating the one from the other. You can see under the 
land You can see also that this is not got by blotting out the low 01 
portion of the island, for you can distinctly recognize, though completely 
separated from the water, the sandy beach and the lowest object- u Inch 
the land contains. On the mainland I have frequently seen the villages, 
which were, in reality, flush with the ground, as if they were perched on 
semi-transparent rocks, their edges rounded off, aud fading into a 
golden haze. On one occasion a most perfect picture of trees, aurround- 
$ i rn<v narrow lake, beguiled me some miles out of my course, and 

m<miy lot of camels trampinff tlirongb the mow, their_ shadowy 

r.."I?orSs ,£T.<Xr5 in gro„p« .touch th. plain.. On on, 
rows of ci>. > . j. un der such circumstances that it required 

HttlTstndeh .if the imagination to mistake him for an enormous rock that 

hid been overturned aid swept into the Ran by a heavy sea. lie wu 
standing with his hack towards us, as motionless as a target, on ft plain 
that extended ns for as the eye could reach, audit was nottollIappi».u li¬ 
ed within 60 yards that what appeared a big rock, or a huge spectre, 
turned oat- to bo a deer, , 

“At the close of February I made an excursion to the island of 
W&ehra Solanik, a bare, brown, dosolatu-lookiiig place, with a low an 
sho e visile- gently from the Ran. Owing to the largo mass <>. "at' c 

mainland, tl.ee is no direct comm^icidim w . U m ..I k I 
the Jliinjuvadu cad Wfcv A, nh IJ.t nu.ed.. ^ 

ville , kovdn ? 1 l ollh " N ; • h sannjv^liwi wntor, and wliirh »>y tnkitog 
fnrth-i tid- ot w.o > " L 'V and within a mn-row channel 

! b - TO H^Xon tbc muddy j.lains of Urn Ran. Proceeding BOiuh- 

It lore i* 
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west from this village, and passing the cotton-fields (which are not here 
fenced bv cactus hedges) that edge the road, you reach an open space 
with sand-drifts over it, and dotted with prickly shrubs. As you approach 
the Ran, you see in front a barren sheet of glaring sand, with a fringe 
of withered bnsh and stunted trees upon its borders, which cuts the 
yellow* expanse of desert. The island juts out from tho sun-dried plain, 
and seen through the molten air quivering on the overheated surface, 
has a strange weird appearance. It is a weary trudge, into this island 
from the village of Khorda. For seven miles by the dead level of 
orange-coloured sand, over ground dotted by small and colourless desert 
shrubs, through salt wastes without a scrap of earth or a vestige of the 
minutest vegetation, onto a narrow strip of sandy soil, sometimes widening 
into a small plain, and bounded by masses of naked rock. This is Wachra 
Solanki. There is here neither stream nor well ; but there are one or tw r o 
springs, the water of which is said to possess wonderful medicinal proper¬ 
ties, hydrophobia being one of the diseases for -which it is believed to 
be an infallible remedy ; but so far as I know, judging from a 
spring near the spot where my tent was pitched, the chalybeate taste 
of the water renders it unfit for drinking. It is perhaps solely to the 
supply of water from these springs that this oasis owes its existence. 

Yet it contains no fresh water, and is hardly adapted for human 
habitation. Thousands of pilgrims from great distances visit the springs 
in the hot season, and all the sacred interest of the district centres 
in their neighbourhood. There -was a prevalent notion not long ago 
that this portion of the Ran was dangerous for travellers—a haunt of 
brigands and unscrupulous murderers. It is impossible to remember or 
record, as it was impossible even on the spot to verify, half the stories 
I heard of murderous attacks on travellers by bands of freebooters and 
brigands. Here is a sample : Just six years ago, a rich Brahman, with 
laden camels and two follow*ers, was coming up from Dhrangadra. As 
they neared tho outer edge of the belt of scrub which extends between 
the Ran and the high ground in the centre of the island, two men, clad 
liko police sowars, and mounted on fine horses, rode up to them, and one 
fellow, pointing a gun at the head of the first traveller he met, put before 
him the alternative of his money or his life. A scuffle ensued. The first 
two were killed on the spot ; the third was knocked off his horse, and 
after the thieves had tried to suffocate him by cramming mud and sand 
into his mouth and nostrils, they left him alone and proceeded to rifle the 
contents of two trunks containing jewelry and large sums of money. Tho 
camels and horses strayed away, but the wounded man, with limbs 
literally riddled with shot, started in the dead of the night, and after 
pursuing his way without sleep for 24 hours through tho wilderness, 
reached the village of Khorda. Sowars were sent to Wachra Solanki to 
look into the matter : they saw traces of camp fire and the marks of a 
scuttle,—nothing more. But since this occurrence a permanent guard 
has been stationed here, and to a great extent the roving bands of rob¬ 
bers, for which tho spot, was notorious, have boon broken up. But solitary 
places like this, fur out in the Ran. offer great facilities to such men 
for concealment, and, armed as they are, and well mounted, they are ngly 
customers when they venture to show fight. The Rad ban pur authorities 
have built a large house on tho oaxtem edge of the inland, and around it 
are a few huts made of framework of wood, filled in with branches of 
trees, and thatched. They are occupied by seven or eight sowars and a 
few ]ioliceiiien from tho Salt Department, 

“ Tho Ran near Wtiehra Solanki is inundated in the early part of the 
cold season by the Rupcn and Sarasvati rivers. The Rupen traverses 
the cotton plains north of Jhinjiivada, and has a general 00111*80 from east 


it forms a crescent, and taking a 
south-westerly direction, joins the Sarasvati, a little to the west of 
Waclira Solauki,—the water increasing very considerably in breadth at 
their junction, while one arm branches off round the southern part of the 
island, and, seen from its rocky coast, seems to extend as far as eye can 
reach. Even in the month of March, the water here gives to the Han 
a singularly sea-like appearance. It decreases as the hot weather sqtts 
in, and nothing of it is left in the month of May. But there is a tradi¬ 
tion among the villagers of the opposite coast that formerly this part of the 
Han contained a permanent supply of water, and that it was habitually 
navigated by boats. If this be correct, of even the most remote epoch of 
historic memory, the steady elevation of the surface of the Han must 
have continued long after the cultivated district, with which it is 
bordered, assumed its present character. In several places before the 
. Rupen readies the Ran, its water is lost in the sands, hut reappears 

here and there, while in the Ran itself it keeps entirely to the surface, 
till it is finally lost in the plains south-west of 'Waclira Solanki. Much 
of the water is drifted about by currents of wind, and has therefore no 
fixed limits ; at one time here and at another there ; and it is simply 
surface water, without any defined banks ; when the Ran i9 dry, it 
would be impossible to point out any particular portion occupied by it 
in the cold season. 

“ From Dass&ra the road to Jhinjiivada is across a flat open country 
covered with cotton cultivation. You first pass a clump of nim trees and 
the thdna at the north end of the village, and crossing a sandy heath, you 
get amongst cotton-fields, which generally—shut off by dusty hedges of 
cactus, broken here and thereby foot-paths—eventually line both sides of 
the road. In several places the cactus leaves the road, but the cotton- 
fields are continuous till you are within two miles of Jhinjuvada, when 
they are intermixed with grain crops. The entire journey is through an 
extensive fertile tract, with open fields, tanks, and villages interspersed 
in all,directions. West of Jhinjdvada the cultivation, in small isolated 
patches, makes its last struggle against the Ran. Here and there are 
sandy hillocks, or beehived-shaped mounds about 3 to 5 feet high, covered 
with small scrub of a sort of dwarf tamarisk and other withered shrubs ; 
but all beyond is the Ran, with the level, featureless surface, and the 
even horizon-line that meets the sky, although near the Ran, Jhinjuvada 
is well sheltered by trees, conspicuous amongst them being two palms, 
which seem to have grown together, and are exactly of the same height. 
The village is on the site of an old town, which was enclosed by a quad¬ 
rangular fort, much of which has crumbled away.” 

This portion of the Run had to be traversed frequently by Cap- 
turn Baird anti his assistant while going to Hansthal station, and of 
his journey, in May 1873, he writes : 

“ Our only landmarks were, in the whole of the last 14 miles, two small 
mounds of earth thrown up when there were postal chaukies there at 4 or 
5 miles apart, and the observatory itself ; we both felt a curious sensaliou, 
as if w*e were being carried out to sea, which was occasioned by seeing 
small branches of scrub floating on the surface of the water, and being 
driven by the wind inland, and once, with the exception of one of the 
tnounds above-mentioned in flu* distance, there wc c no fl cd objects 
visible to destroy this optical illusion.” 

The attention of tho Government of Bombay was, in 18t37, 
directed by an article i*i the Row hoy Saturday Review to two very 
important questions, namely, the filling up of the eastern shore- of 
the Gulf Cambay und (he supposed depression of the Rau of Cutch, 
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The question was referred to Professor Oldham, Director of the 
Geological Survey of India, for his opinion and advice, and his 
memorandum was published, together with a resolution, determining 
to have proper soundings made, and also suitable benchmarks fixed 
in order to determine the question of the depression of the Ran. 

The relative elevation of those permanent benchmarks was to be 
ascertained with reference to the c mean sea-level/ and in order to 
fix the * mean sea-level/ a series of observations were to be made 
extending over several lunations. 

In his memorandum. Dr. Oldham wrote : 

“ I must give a caution against admitting as conclusive evidence in 
favour of a general depression of the Ran, the single fact that the lands 
of the village Bhimkata had been washed away. Such a case may very 
probably be due to local causes, and is not, taken alone, any proof of even 
a general encroachment of the sea, much less of a general depression of the 
land. I am by no means aware, either, that it is f universally admitted ’ 
that the Ran is an upheaved sea-bottom, upheaved by volcanic action ! 
Grant, who gave an admirable description of Cutch in 1837, did not 
think so, as he describes it as being filled by deposits brought by rivers. 

And Mr. Blanford, writing long before this article was submitted to 
him, described it 4 as the bed of an inlet of the sea filled up by the 
accumulation of detritus brought down by the rivers. It is just at 
present in the debateable state,—water part of the year, land another 
part; but every year must increase the height of the land surface, and 
consequently diminish the depth of the water at the period of the 
overflow. Of course the -whole may he an area of depression, hut further 
proofs of this are necessary than the fact of a small portion having I pen 
sunk (and another raised) by the earthquake of 1819/ 

“ To determine the facts as to whether a gradual secular depression is 
taking place in the Ran or not, will need careful observations. The 
annual flooding of the Ran is stated to be caused by the sea being forced^ 
up the Gulf of Cutch and the more easterly mouths of the Indus by the' 
south-west monsoon, the waters poured into the Ran by rivers being 
thus ponded back. If this be the case, it will certainly result that the 
depth to which the Ran is flooded during different years will vary with 
the intensity of the monsoon, and w ith the amount of the waters brought 
down by rivers. Observations, therefore, at that time of year would be 
worthless if used to determine any changes of level. To obtain any trust¬ 
worthy results, I think it will be essential to erect fixed and solid marks— 
pillars of masonry, with solid foundations—at intervals along the coast, and 
in the neighbourhood of tidal creeks as far within the Ran as practicable, 
and an accurate determination of the height of a point upon each above 
mean tide-level. A very few of these would suffice if placed at well- 
selected points. 

“ I have spoken of the necessity of an accurate determination of the 
level of these points. It i. an easy matter to determine will) accuracy the 
difference of level of two fixed points not far distant from eac h other. 

But in the present cose it is necessary in the first place to iix one of those 
points before the relative level of t he other can be ascertained. The exact 
line of mean sea-level must be determined. This can only he done by a 
series of observations steadily and systematically pursued daily for more 
than a month at intervals, or for a year, if practicable. There is no real 
difficulty in the ease; it only requires ordinary care, but this care continued 
for such a time as to eliminate the disturbing effects of local or temporary 
causes Once determined, these observations heed not be repeated again 


'Tor several years, say ten, when the exact relative level of the fixed mark 
as compared with the mean tide-level should be again determined. 

‘ It will be sufficient, to prove the necessity for great care and accuracy, 
to state that in every ease in which such a secular change of level has been 
established, the change has not amounted to more than a few inches, or a 
foot or two in a hundred years.” 

The question of the secular depression of the Ran was viewed in 
very different ways by some of the Political Officers in Kathiawar, 
who had made the subject one of local enquiry. Captain Hebbert, 
I olitical Assistant, writing in April 1807, says: 


“ Much has been written on the general snbjeot of the oscillations in 
the level of the Ran, by Captain Grant, of the Engineers, Eulljames. 
T 10 Grand Jacob, and .lohu Jacob, and many papers referring to it will be 
found m the transactions of the k Bombay Geographical Society,’ and in 
1 q® Journal of the Royal Asiatic Society, Bengal,’ chiefly from 1830 to 
and m Burn’s Travels, Dr. Burn’s Mission to Sind, and Lvell’s 
Principles of Geology.’ 


‘ Tlie R‘ aT1 > a3 often before described, is an extensive sandy flat, with 
well defined boundaries, lying on a lower level than the surrounding 
country, and very little above the level of the sea. It is devoid of vegetal 
tion, except on the elevated ridges alluded to in Captain McMurdo’s 
Report- on the Province of Kathiawar, dated 2nd October 1815. 


“ This i ract of country is annually covered by tlie sea, which is simply 
blown up upon it by the force of the south*west wind. 

“ In March the sea commences to flood the Ran on the Cutch side to 
an extent of about 2 miles, and to a depth of from 2 to 24 feet. In April 
the Ran is covered as far as Tikar to a depth of 1,2, and, in some places, 
eel ; and during the violence of the monsoon, when tho Soonee, 
. nua ail(i other countless streams pour in their floods, tho depth increases 
m some parts to 10 to 12 feet, a vast lake being formed, extending far 
awa) inland, and not unfrequently, when the rivers are much swollen, 
connecting itself with the >iull to tho south, converting Kathiawar for the 
time beipg into an island. 

Captain Grant, in writing of the Ran in his very able papers on the 
Geology of Cutch, dated .>lst December 183b, describes it as ‘perhaps 
unparalleled in any known part of the globo, as it may be said to be placed 
on a level between land and water ;* and certainly it appears to me that 
the chief peculiarity of the Ran is that it thus retains it- w by 

year, considering the soa of waters that so continually sweep over it, 
entering and flowing off, as we can easily conceive, with no insignificant 


i ni \ as . m y observations have enabled me to determine, I am 

C e( P ° opinion that no perceptible change has occurred in the actual 
r ° , a . 11 *° r m . an j r am l that the supposed subsidence which 

mis attracted the notice of the writer in the Bombay Saturday Ifeviav is 
merely the result of changes which have occurred, and which must occur 
lo on ranee of the Ran, from the annual scour to which it is ex posed. 

“ *\ om interrogating the inhabitants, I am satisfied that- no depression, 
at least on the southern side of the Ran, has bo#n observed by tin m* 

’ It- appears to mo thaf. were a grminnl dopr«>-uVii Inking phum over tho 
entire Ran, caused by volcanic action, wh might expect, to find « vide ice 
of such in changes in the interior of tin linn ; and large hikofe would 
remain after tho subsidence of the flood, which would increase in extent 
from year to year. 
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“ Many such lakes have from time immemorial existed in the Ran ; but, 
in spite of the strictest inquiry, I have heard of no instance of these lakes 
being materially increased, or of fresh ones having been formed : on the 
contrary, some of them have, if anything, become diminished. 

“ i directed minute inquiries to be made with a view of ascertaining 
whether the level of water in the village wells near the coast is approach¬ 
ing nearer the surface or not, as this appeared to be a. practical mode of 
ascertaining whether the neighbourhood of the Ran is undergoing 
depression ; and the result of these inquiries satisfied me that such is not 
the case. 

“ Failing, therefore, to discover any foundation for the statement that 
the Han was undergoing a yearly depression, I directed my attention to 
the Gulf of Cutch and entrance to the Ran ; and here it was apparent that 
many of the creeks and channels had undergone considerable changes. 

“ The whole coast of Kathiawar in the Gulf of Cutch, north of Navanagar, 
is formed by thick hanks of mud and marsh and mangrove swamps, washed 
up and accumulated from the, at all times, muddy waters of the gulf; over 
these marshes the tide is continually ebbing and flowing, and they are 
subject to the changes noticed before as occurring in the Ran from the 
sea being forced up by the south-west wind. 

“ It is not, therefore, to be wondered at that the inhabitants who live 
near the coast have observed no particular changes, and, when questioned, 
merely state that some years the sea advances further in the swamp than 
in others. The only information I found to he obtainable was from boat¬ 
men who frequent the navigable creeks. 

“ The first of these creeks is the one mentioned by the writer in the 
Bombay Saturday Btfiiew,— Vavnya Creek, in which native vessels of 
considerable tonnage can pass more than a mile beyond the former 
anchorage. 

“ The next, a few miles to the south-west, is the Jhinjura, a part of 
Navanagar, in which it is reported that boats can approach 1-1 miles 
further than they were able to do 20 years ago. The Bandar in this 
creek was formerly at a spot called the Sooee Walo Ness, whereas now it 
is some distance up the creek. In this, however, one fact is worthy of 
notice, viz., that although a sufficient depth of water for vessels to pass 
extends further inland, the depth at the Sooee Walo Ness has scarcely 
increased at all. 

“ Again, still further to the south, between Bdlamba and Jodiya, tho 
river Dadhidli flows into the gulf, and it has been noticed that this vt 
has of comparatively late years swept away great quantities of sand and 
deposit from its month, which is by this means considerably widened. 
Consequently, in the hot months, when there is an increase of water in 
the gulf, the sea, entering the channels thus formed, spreads over tho 
low sandy level around to a much greater extent than in former years. 

“ The result, therefore, of m 3 ’ inqnix'ics along the coast has only brought 
to notice that the degrading action of the Vuvnya streams and the 
Deme 8 , Fooljur, and Dadhiali l ivers have immaterially increased the length 
nd depth of the muddy creeks into which they pour themselves. 

There are certainly some popular traditions, such as that, in pa 9 t 
ages, there was a footpath from Jodiya to the opposite bandar of Tuna 
in Catch * also, a report that some stones which rise up four miles to sea 
in front of Balachadi (the usual resort of Europeans in the hot weather) 
are the remains of a temple to Shiva but for my own part I do not 
place credence in these reports, which are unsupported by evidence of 
any kind. 







“ The writer of the article submitted for report, unhesitatingly declares 
his belief that the Ran is undergoing a gradual depression, and affirms 
that this is undoubtedly caused by volcanic action, and not by the eroding 
action of the tide. 

“ That the Ran has been subject to occasional volcanic action is assur¬ 
edly the case, but that it is now being gradually sunk by this action is 
very questionable. If a cause such as this were affecting a large tract of 
country with an area of upwards of 7000 miles, it would not be unnatural 
to look for repeated and constant indications of a volcanic nature : but 
this is far from being the case, and from enquiry I am convinced that 
earthquakes aro as little frequent on the Rau as in any part of India. 
It must, however, be remembered that I have only had opportunity of 
questioning the inhabitants of the Kathiawar side of the Ran. "The 
igneous nature of Cutch, on the opposite side, is well known, and earth¬ 
quakes may be more frequent there : still, I consider that the very fact 
of earthquakes boing almost unknown on this side of the Ran, even if 
they should bo felt on the opposite coast, goes far to prove that the Ran 
itself is not the centre of their action. 

“ The only earthquake of importance which has been noticed in the 
Ran occurred in the year A. D. 1819, and was described by Captain Grant. 
This earthquake is reported to have rent the deep chasm in the Ran, now- 
known as the Clias, opposite Jhingi, which terminates the Gnlf of Cutch, 
or rather connects it on the Cutch side with the Ran. This channel is 
constantly being enlarged by portions from the sides falling in and being 
carried away by the tide, and vessels safely proceed where, previous to 
1819, they were unable to find a road. 

“It has hitherto been the common impression that the Ran was 
rising, rather than lowering, in level; and this impression was shared by 
Captain Grant, aud unquestionably this is what we should expect from 
tho operations of the volcanic agency believed iu by the writer in the 
Bombay Saturday Review , such agency being calculated to elevate rather 
than depress. But tho gradual rise of land is so slow a process that it 
Would be a most difficult matter to ascertain. 

*• It requires more than tbe mere fact of some alluvia* here aud there 
being recaptured by the sea, to prove that the Ran is undergoing a 
gradual depression. It is a question of levelling, and the only way that 
suggests itself to me, should Government desire further and more accu¬ 
rate information on the subject, is that a qualified officer be appointed 
for a few months to superintend the placing of some long lines of levels, 
which should he run out from some fixed elevation on the mainland of 
the Ran. Permanent bench-marks should be fixed at regulated inter¬ 
vals, and any changes of level by these means ascertained at stated 
periods. 

* l After nil, if it should be the case that volcanic action is inducing sub¬ 
sidence now, who can promise that the same action will not re-elevate 
the Ran and its neighbourhood at a future time.” 

Captain Watson, Political Assistant, also writes al?out tho same 
time: 

“ When I visited the Ran in 1865-6fi, I observed that, although there 
can be little doubt that the extent of water in tho Ran wa« .formerly at 
some remote period of time very much greater than n, n<>w i*-*, vet that 
this water appears to have gradually receded owing to oscillations in the 
level of the Ran, and it seems to have reached lowest point about the 
middle of the last century. At all events, since that time the Ran appears 
to have again commenced to sink, and the feea-water consequently to pene- 
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trate further and further eastward, and to cover a large extent of the Ran 
during the hot seasons and the rains (vide McMurdo’s Report to Govern¬ 
ment, dated 2nd October 1815). Since then the level of the Ran has 
continued to be gradually depressed, and the sea-water each year covers a 
large extent of territory. In proof of this, when I was at Balamba in the 
end of 1865, the villagers told me that formerly, even within the memory 
of man, there was a footpath across the Ran from Balamba to Tuna in 
Cutch, but that the gradual advance of the sea had closed this pass. 
Close to Balamba is the village of Bhimkata, under Amreli, The frontier 
of this village was defined by Colonel Rigby a few years ago. Since that 
time several acres belonging to Bhimkata had been overflowed by salt-water 
and become Ran. The whole of the inhabitants of the southern shore 
of the Ran staff that the sea is advancing rapidly. I believe the southern 
shore to bo the very best place for investigations to be made as to whether 
the level of the Ran is being raised or depressed. Ten years’ observations 
here wonld set the question at rest. 

“ My opinion is that at some remote period of time the level of K&thia- 
wdr was depressed considerably lower than it now is; and the present 
appearance of the Ran and the Bbal confirm my supposition. Any 
unprejudiced observer examining the Ran and the Bhal or low flat salt 
land between the Null and the Gulf of Cambay, must perceive that the sea 
has but comparatively recently withdrawn from it, and that formerly 
Kathiawar was an island. I consider that a period of upheaval followed the 
period of depression, and that now another period of depression has 
commenced. At the present day, in a heavy rainy season, a light canoe 
might be -paddled from the Ran of Cutch to the Gulf of Cambay, or 
nearly so. My reasons for supposing that a period of upheaval followed 
that of depression arc, that while we see that the sea is yearly encroaching 
both in the Ran and on the southern coast of Kathiawdr, we yet see 
that the extent of Ran and Bhal that must have at one time been covered 
by salt-water is very considerable, and probably at least three centuries will 
be required at the present rate of depression to restore the Ran to its 
pristine condition of an inlet of the sea, The earthquake at the commence¬ 
ment of this century, which formed the Lake Sindree, had doubtless an 
important effect on the Ran, and the slight shocks experienced in late 
years have no doubt been tending to the same object, viz., a general 
depression of level.” 

Of the drainage, into the Ran, of the Jbdl&vdd Pr&nt of K&thia- 
wdr, Major Watson says : 

u The drainage of the whole country of Jhdldvdd flows into either the 
L-:sscr Ran of Gulch, or the Nal; hut the streams of the Dhrangadra 
territory flow without exception into the Ran. This Ran is drained by 
i wo depressions in its surface, the northern of w hich is called the Wagad 
Sarnu and the southern the Jbdldvdd Samu. These depressions unite 
further to the westward, and after their junction are known as the Siri 
Samu. The .JhttlAvud Surnu is connected with tho JlansthalCreek. Two 
blanches of this creek have boon slowly eating their way eastward for the 
last tfixty or seventy years, but during tl -amo period the eastern portion 
of the Ran lma been gradually silting up, owiug to the yearly deposit of 
wilt by the Bands and other streams. No marked is this silting up that- 
whereas in a.p. 1813, Captain McMurdo, after an elaborate instigation 
reports that the Tikar Pass is open to carriages from ] 5th January To 15th 
April, it is now open from about December 10th to May 10th—that- is to 
ray, for five month? instead of three. Further, Captain McMurdo, in his 
interesting report above alluded to* speaks of the sea-water being detained 
opposite. Koporni until it has ‘surmounted a low ridge of sand and drift 
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J6icn is coneci/eu. nite it uur uuu runs across from about Koparni : this bar 
is scarcely perceptible. When the water rises above this, it flows without 
obstruction to Patri, wbicb is 14 miles east of Deligaum.’ Now (1878) 
the salt-water never reaches Koparni, but ceases to advance beyond a point 
which may roughly be said to be opposite Jogad, at least 8 miles west ot 
Koparni. 

“ The islands in the Ran belonging to Dhrangadra are : (1) a portion 
of the Kesmal Island, which is shared by Dhrangadra and Cutch ; (2) 
the two Bhangoria islands, which belong entirely to Dhrangadra ; (3) 
the two Ratria islands, which belong entirely to Dhrangadra ; (4) Sahib- 
lana, which belongs to Dhrangadra alone ; (5) Wala Dungari and Jarakh 
Dungari, which belong to Dhrangadra alone ; and (6) the Mardak Hill, 
which also is the sole property of this State,” 

In the Great Trigonometrical Survey Report for 1872-73, the follow¬ 
ing description of the salt manufacture in the Ran is given : 

“ Por more than a hundred years past, salt has been manufactured from 
water taken from wells dug in the Ran, more particularly at Kura in the 
Dhrangadra State and in Patri, and the neighbouring villages of Khara- 
ghoda, Bajana, and Urn, on the eastern border pf the Ran. Government 
has hitherto contented itself with levying a very heavy duty on all salt sold 
in our own districts ; but on account of the large amounts smuggled from 
Katlii&war, and also from the above-mentioned places, Government has 
been compelled to undertake the manufacture itself. With this end in 
view, all the old Ran works have been closed (with the exception of 
those belonging to Dhrangadra—an independent State in Kathiawar), 
compensation having been paid for old interests involved. All the works 
also on tlio western coast of India, between Cambay and Bombay, ere to 
be, or have been closed ; and all that part of the country will be supplied 
with Ran salt manufactured at the Government works. It is hoped, by 
these means and by an introduction of an efficient line of patrols on the 
frontier, between the Kathiawar States and our own districts, it may be 
possible both to keep the Kura salt from getting across to our own and 
the Gaikwar’s territories, and at the same time to prevent the Malwa 
| opium from getting to Kathiawar. 

“ Prior to Government taking over charge of the new works at Patri, 
the salt was manufactured by the ‘ agarics’ (as tlio makers are termed) 
on their own account, in quantities limited by Government, to bo sold to 
private merchants at a maximum rate- of 2 annas per mauud. Practically, 
they did not get this price for it, as the merchants who purchased generally 
did so (on account of tho abundance of the supply) at a much lower figure. 
Government now employ these- same 1 agarias,’ let them dig tho wells and 
make the pans (giving them advances for that purpose), and purchase the 
whole of their ,stock of salt (if of approved quality) at 1£ annas per 
raaund all round, removing the salt to warehouses on the adjacent shores, 
that have been constructed fur the purpose. The agarias are therefore 
really much better off than they w ere before; as formerly that portion of 
their stock which remained unsold before tin* periodical setting in of the 
monsoon (w hen the whole of the works arc flooded and the w ells and tho 
pans filled np) was liable to bo swept away. Tins actually occurred Dio 
year before la .t, to the utter ruin of thosalt-ow mu-s, and I am informed that 
42 per cent of tlio entire produt of tlio last live years bus boon washed 
away in the same manner. 

«* ft. was p - posed i.o nmmifaotuiv during the past season twelve and a 
half lakh' of maunds of > dl. which is a little above the amount estimated 
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as required for consumption in that portion of the presidency lying 
between Bombay and Ahmedabad. For this purpose, 252 pans, each 250 
feet long by 60 feet wide, have been constructed. The process of making 
the salt is very simple, and is almost the same at Patri as at Kura; but at 
the latter place the pans are arranged in no sort of order, being scattered 
in all directions all over the place, whereas at Pcitri they are arranged 
symmetrically in rows, with spaces between for storing the salt. As 
soon as the monsoon has come to an end and the piled-up waters of the 
Ban have retired, each ‘ agrio ’ sets to work to dig a well and to make 
his pan. The well has first to be sunk, as, without the water procured 
from it, the workman would be unable to puddle and render water-tight 
his pan. The sinking of the well, which he accomplishes with the aid of 
hired labour, occupies him some weeks. He soon reaches water, i t is true, 
but only what is termed 4 surface water,’ and which does not contain 
nearly so much salt in solution as another kind of water which he reaches 
generally at a depth of from 20 to 30 feet, on reaching which there is 
generally a rush of very strong brine, which comes up with considerable 
force and rises several feet in the well : when he gets this rush of water, 
he is satisfied, and commences to prepare his pan. Sometimes, however, 
instead of topping the brine, he comes to hard red clayey soil called 
4 morod,’ and the experience of the past years has shown that when he 
comes to this he must abandon all hope of getting to the brine, and start 
a fresh well elsewhere. Assuming, however, that he has reached good 
water, he prepares his pan by raising a small bank of earth all round it. 
He then pumps up water with the common balance pole and bucket, and 
covers bis pan with it to a depth of one or two inches. This water sinks 
into the ground, and he then commences to puddle the pan by constantly 
(with the aid of his hired assistants) treading the ground — a most labo¬ 
rious process, for the pouring on of water and treacling and consolidating 
has to go on until the bottom of the pan becomes quite waterproof, which 
from the quantity of clay in the soil, it ultimately doe 3 , of course in some 
soils quicker than in others. 


44 This preliminary of well-sinking and pan-preparing generally occupies 
about two months. When ready, the brine is pumped in to a depth of 
several inches, and left to evaporate. As soon as the greater portion of 
the water has done so, more water is poured on, and this is repeated 
perhaps once in three or four days. Crystals of salt soon form at the 
bottom, and the agarids have to stir these crystals about frequently and 
briskly with a large rake. This goes on until a crop is ready, which 
generally happens about the middle of February, when, all the water 
being allowed to evaporate, the salt, which then forms a layer several 
inches in depth over the whole pan, is taken out and arranged in conical 
heaps by the side of the pan, whence, under t ho new arrangements, instead 
of being left on the ground and sold as the opportunity offered, it will 
inimecllately be carried on a tramway by trucks to the central stores, 
about 21 miles off ami on high . the Ran. There it will 

be weighed and handed over to the Government official deputed to 
receive it. This central store has hem commoted by a branch railway 
line, about 22 miles in length (Patri to Vinnng&m), which has been 
specially made for the purpose, and which was in course of construction 
while v o were surveying the ground. The salt will be carried by the 
Railway Company to the depdts that are to bo formed at Ahmedabad, 
Broach, Baroda, Bulsar, and Surat, where it will bo stored away and sold 
to the public at a fhred rate. 

Instead of taking one crop in February arid another in April or May, 
a supply of better salt is obtained by continuing the manufacture without 




■"emptying the pan until April or May. An average crop of 18 lbs. per 
superficial foot of evaporating surface may be obtained from a good crop 
up to the middle of February, and for the second crop a somewhat larger 
quantity ; if the crop be taken at the end of tlie season, only about 34< lbs. 
of salt of a superior quality may be obtained per foot. These quantities 
depend very much upon the amount of brine that may be pumped up, 
and if a man is lazy, he will get a small return. The brine also is variable 
in quality, and some wells will give more salt than others. In March 
and April the salt is apt to receive very serious injury from the clouds 
of dust and sand that fly about. The Dhrangadra works at Kura appear 
to suffer more from this cause than the more protected works at Patri. 
At the former place, I was told that the manufacture was generally entirely 
stopped, from this cause and from the supply of water in the works 
running short, about the end of March or beginning of April. 


“ The heat in the Ran being so excessive, it has been arranged that all 
labour of carriage and storage at the Government works shall in the hot 
weather be carried on at night. At Kura the salt is generally made from 
surface water, as they cannot obtain the brine springs which afford so rich 
a crop at Patri. The reason is, I believe, that the whole ground at Kura 
is underlaid with ‘morod,’ and thus, the water being deficient in quality 
as well as in quantity, they require two wells instead of one for each large 
pan : the process of manufacture is the same. 

“ I estimated, after careful inquiries and measurements, the sale of salt 
at. Dhrangadra to be about one lakh of maunds per annum. It has, 
however, been estimated by the Customs Collector of Bombay at as high 
a figure as four lakhs, of which he assumes that three lakhs are smuggled 
across our frontier, causing a loss to our income of nearly six lakhs of 
rupees. Although we have been in correspondence on the subject, we 
cannot arrive at less discordant results. The calculations are somewhat 
elaborate, and I need not give them here ; but my own figures are 
confirmed by the statements of the Da r bar officials, who, however, would 
naturally be disposed to estimate it at as low a figure as possible; for 
everything over one lakh, which has been assumed to be the probable 
consumption in Kathiawar itself of Kura salt, must be admitted to bo 
smuggled. 

“ In the Kura works, the digging of the wells and making of the pans 
are undertaken by and at the expense of the agarias, who are assisted by 
their families, and follow no other avocation. At (5ur own works the 
salt manufacturers are also cultivators. The produce is generally sold 
at about 12 annas the donkey load (2| maunds), but varies from 1 0 to 
13 annas. According to quantity of the total amount sold, one anna in 
the rupee is taken when the accounts are made up (annually) to defray 
the expense of establishment, which is very small, consisting of one 
karkun, one havildar, and five peons : the balance is divided between 
the Durbar and the agarias. Each, therefore, receives say 5J annas per 
donkey load, or 2} annas per maund clear profit to the Darbar, and 
profits, loss working expenses, to the “ dgarias”. Besides this, there is a 
small duty levied, of 2 pies per donkey load, or Rs. 1-8 per cart load. 

“ The pans vary in size from 2500 square feet to 10,000 square feet, 
as against a uniform size of 15,000 square feet at the I’atri works. 
There are 80 wells afc work, but inmost cases two wells arc- required for 
each pan. I purchased salt, retail, in the village of Kira at I Ipi unds 
the rupee. 


‘‘I have heard it suggested that the brine at Kura wells was supplied 
direct from the ses, by yubtorrnne-au filtration. I made some experiments 
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in the cold weather to test the same, but could detect no positive traces 
of tidal influence. It is true there were periodically diurnal rises and falls 
in the waters of the wells; but this I clearly traced to the effect of the 
pumping- of the water up from other wells, and the consequent lowering 
of the °level of the water in the adjacent wells. I had proposed 
continuing the experiments in a more careful manner in the hot weather, 
but was unable to carry ont this idea. It was said at Patri that the 
water rose much higher in the wells in the hot weather than in the cold, 
and this would cert*: inly indicate tidal influence, as the periodical rise of 
water in the Ran in that season would certainly produce that effect, did 
subterraneous filtration exist to the extent supposed. 

“ On the other hand, at Kura, very much nearer the sea, the water in the 
wells is said to be very much lower in the hot weather than at any other 
time; but it may be said that the ‘ morod ’ underlying the Kura wells 
would prevent the influence of the tidal wave being felt there.” 

From what has been stated, it will be observed that nearly all 
the writers about the Lesser Ran have at once jumped to the 
conclusion that the flooding of the Ran during the south-west 
monsoon months is almost entirely caused by the heaping up of the 
water of the Gulf of Cutch during that time. The writer has made 
a further analysis of the tidal observations at Hansthal, to see how 
far this idea is borne out by facts. During the month of July, the 
mean level of the water, as taken by averaging each 24 hours heights 
for the month of July, was found to range— 

for July, from 5 inches below to 9 inches above tbe mean level of the year. 

,, August, 4 „ ,, 10 ,, „ ,, ,, 

,, September, 4 ,, ,, 1 foot „ », ,, 

Now this would hardly appear to justify the opinion that the Lesser 
Ran is entirely flooded by tbe water of the Gulf being ponded up 
and convoyed to the Ran by the Hansthal, Kundlo, and Nakti 
creeks. 

One interesting result of the levelling operations taken by 
Captain Baird is, that the mean value of the level of the Ran 
between Malia and Shik&rpur is only 6*781 feet above the mean 
level of the sea, while between Hansthal, B&lumba, and Jodiya the 
general level of the Ran is about 2 feet 9 inches higher. Now, the 
high tide in the cold weather rises at Hansthal frequently to 8 and 
sometimes to 9 feet, abovo mean sea level, and yet the Ran between 
M&lia and Shikarpur is, as a rule, perfectly dry from November till 
March. This shows that there must bo a considerable rise in the 
level of the Ran between M&lia-Shik&rpur and the head of the 
Hansthal Creek. 

Then again, in levelling across from tbe Outcli side to tho 
Chorur, in January 1876, there was from ono to two feet of water on 
the Ran, while the line Shik&rpur-M&lia was perfectly dry, and there 
was found to be a depression of nbout two feet in the centre of the 
Ran, between Cutch and the Chor&r. 

The writer is under the impression that the following is the 
proper solution of the flooding of the Lesser Ran. There are certainly 
very high tides during the south-west monsoon, and when these 
happen to be sufficiently high, the sea water of the Gulf is carried 
over the sort of rise in the Ran noted above, and thus the water is 
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wed to flow on to tho line joining Malia-Sbikarpur ami beyond 
towards tlio Oho&r, to fill up tlie shallow basin which tho Ran forms, 
all about thorn. Then again, the Bands and other rivers being in 
flood, their waters are discharged into the Ran; the similar very 
high water in the July, August, and September high tides causes 
the Larger Ran to be covered with water at those times, communi¬ 
cating -with the Lesser Ran between Cutch and the Chorar, and n 
this way such an amount of water is thrown into the Lesser Ran 
that the Hansthal, Nakti, and Kliundlo creeks do not afford sufficient 
capacity for its complete discharge into the Gulf at the low tides 
occurring at the moon’s quarters. 


Thus a sort of inner sea is formed beyond the Hansthal Creek, 
which during the south-west monsoon may be said to cover the 
entire Ran, but during the cold weather is of very small size. It 
is obvious that the rise in the Ran which must occur between the 
line Shikarpur - M&lia and the line Vavnya-Bn tchdo must be 
sufficiently high to prevent the ordinary high spring tides overflowing 
it, and thus during the cold weather, beyond this barrier, all the 
Ran to the north and east is being gradually dried up, the last 
portion of the Lesser Ran to dry up being that shallow basin near 
the Chorar. 



This is further supported by the fact that between Hansthal tidal 
station at the mouth of the creek and Balamba and Jodiya, the 
Ran was never covered with water except at extraordinary high 
tides, even during the monsoon. 

The Machhu river divides into several streams about mile 
north of Maiia before falling into the Ran; tho flow of its water 
when in tho Ran is very slow, so that it does not erodo tho Ran 
bottom, but rather deposits “ Kamp” or silt. Tho water flows to 
the south-west close to tho coast of the Ran, and if a large 
quantity of water is discharged, tho pool so formed reaches tho 
Vavnya Creek after passing Bagasra and Took. The discharge 
from the river mouths ceases to flow by the end of November or the 
beginning of December; and by the end of December the broad 
expanse of water on the Ran begins to dry up. During the monsoon 
Ihe ebb tide at the Hansthal Creek is held back by the strong 
westerly wind, and this coupled with the discharge of the floods of 
fho Bands, Machhu, and Jhalavad rivers, causes the entire inundation 
of the Lesser Ran. 

1 here are two creeks on tho Ran between Vavnya and the Cutch 
const. That nearer tho Cutch coast is called Wagardhr&i and the 
other is called Chlidoh. In the former the tide rushes in with great 
force and in ebb washes away a considerable amount of land; tho 
extremity of this creek towards the N. E. reaches to nearly 
° ironi Shikarpur in Cutch. At high spring tides ilio water 
overflows the banks of this creek and covers a great deal of tho 
adjacent Ran. The water in this creek is from 10 to 12 fcoi do. p 
at low water and tlio width from 500 to GOO feet, both banks steep. 
It must of course be crossed by a boat. 

Tho Chhaoli Creek reaches to about 2 miles east of tho line 
Bagasra-Jhingi; its encroachment on the Kan land is not so fast 
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as that of the Wagardhrai Creek, but it is said its gradual 
encroachment commenced 30 or 40 years ago. This creek lies about 
8 miles west of the mouths of the Machhu river, and the space 
between that portion of the Kan usually covered by the high water 
from this creek, and the flood of the Machhu is slightly elevated. 

That the sea is encroaching in various portions of the Kan, tho 
writer considers undoubted; but this, it would seem, only occurs 
where there are large creeks or channels discharging into the Gulf. 
Thus the Vavnya Bandar, and the bandar, or the landing-place, 
at JJiingi on the Cutch side, are now easier of access than formerly ,* 
the writer has crossed by boat during the monsoon from Vavnya 
to Jhingi, and nowhere, even at low tide, did there appear to be 
less than 3 feet of water. 

Then again, the widening of the Hansthal Creek by the rush of 
the tide past the banks is most apparent even since tho'tidal 
observatory was constructed there ; the banks of the creek have 
been worn away to a very considerable extent, which is certainly not 
to be wondered at, considering that the water rushes past with a 
velocity of 6 or 7 miles per hour. Moreover, the fact of the great 
amount of water annually held up during the south-west monsoon 
in that portion of tho Lesser Ran west of Malia-Shikarpur having 
to be discharged into the gulf proper nearly entirely by tho Hansthal 
Creek, must keep up this rush past the banks until the whole creek 
is very much enlarged. 

Further evidence of the oncroacliruent of the sea into the Kan is 
found from the routes of the postal runners from Kathi&war to 
Cuteli having had to bo constantly moved eastwards. 

The present route for the post is from Tonk, about 3 miles north 
of Vavnya, on the Kathiawar coast. Runners go from this 
place over the Ran until they reach the Chhdch Creek, which at low 
tide is almost dry. Two miles beyond, towards Cutch, another 
crook has to be crossed : this is called the Wdghardrai Crook, and 
here there is always water at all states of the tides. This creek is 
close to Jhingi and is really a branch of the Khundlo Creek. ^ Boats 
are kept for the post-runners to cross these crooks. This dak liuo 
was laid down about 18GG. Formerly tho line was from Vavnya 
via- Tonk to Markania—that is, about 1 mile west of tho present 
route. There is also evidoncoof the postal routes between Kathiawar 
and Cutch having been still further west, viz., from Khdri Roliar. 

On tho Ran, between Jodiya and Hansthal stations, were found 
the remains of two postal ohowkit s,—ono merely a small heap of 
mud and a few broken tiles; tho other also a heap of mud, and 
close beside ic a great many large bones, probably of a huge 
alligator,and this was called “ nadda-ka-chowki.” From informa¬ 
tion Captain Baird got at Jodiya, it would appear that some 80 
years ago the postal route to Cutch was from Jodiya over tho Ran 
past the two chowkies above mentioned, thence to the Hansthal 
Creek, and crossing it in a boat, the rtinners went on foot over 
Suthsaida Bet, and then crossing the Khundlo and Nakti Creeks, 
they reached Cutch. 
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The Ran is crossed from tlie following places in Kathiawar, to 
tlio following places in Cutcli : 

(1) Malia by Kan jar da and tho Ldkhidsar Tank in Katliia- 
wdr to Shikarpur and Manaba in Cutcli. 

(2) From Vemisar in Kdthidwdr to Kanmir and Palanswa 
in Cutcli. 

(3) From Tikar in Kdtliidwdr to Palanswa and Rampur in 
Cutcli. 

The road from Ldkhidsar Tank to Shikarpur and Mdnaba 
is direct, but Paldnsw-a can be reached by a circuitous route. 
Camels and horses can cross tho Ran by this pass at all seasons, 
but carts can only cross in the dry season. In tho rainy season 
travelling on horseback is very dangerous, and boats are almost 
invariably used instead. It is difficult to assign an exact date 
when this pass is open to carts, but, as a rule, December 1st is tho 
earliest date on which carts can cross from Ldkhidsar Tank to 
Shikdrpur and Manaba. 

The Vendsar pass being higher up tho Ran it takes a longer 
time before becoming passable, and the Ldkliidsar pass is the 
first one to dry. There is however oven by the Ldkhidsar pass 
a space of about 1000 feot wide towards the middle of the Ran 
where water lios until December is past. The westerly wind 
covers the Ldkhidsar pass with sea water by March 20th, and the 
Yenasar pass is covered by April 24th., Tho water reaches Tikar 
by May 31 st, after this the Ran is only crossed by boat. 

The village of Nanda (north of Bhurran Wdo Mahadov, and about 
north-east of Palanswa in Cutcli) which is an island in the Ran 
and not far from Palanswa. Tikar road is by tho 31st May 
entirely covered by water. 

Formerly there was a road from Mnlia to Wdndhia (in Cutcli), but 
during the last 10 years, it has been closed by tho encroachment of 
tho channel formed by tho sea called the “ Wdgardhrdi Nes 

There is no pass across the Ran from cither Bardl Jajasar, 
Bagasra and other Morbi villages, and now the Ldkhidsar routo is 
the only practicable one. 1 * * * 


1 Tho Navdnagar Darbdr have supplied information regarding this ancient route, as 

follows: “ His Highness the late Mahdnija Jdm Shri Ravaiji crossed tho Ran from 

Jliingi on tho Cutch side to Bdlamba on tho Hdldr coast by the footpath called 

‘•Sathserda 5 , and this appears to be tlie present creak of liansthal which way then dry 

land and could bo crossed by footmen and horses.” 
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The following statement: shows what villages on the opposite coasts {i.e. Catch, Palanpur, and Eadlianpur) of the Ran ere 
reached from those of the Ubrangadra State on the Kathi&wdr coast, the approximate time when the roads are covered with 
water, and the average period during which it remains, also the probable time when the roads are open to carts, &c. 
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As the routes from the villages of Navu Gliantiu, Tikar, Khod, 
Jogad, Jeshda, Mai van, Thala, and Sujt&upur in the Dhrangadra 
State are passablo after the Ran is partially covered by water, it is 
necessary to give some account of them in detail. The routes from 
the remaining villages of the Dhrangadra State mentioned in the 
above statement are rendered impassable during the S.W. monsoon 
on account of the Ran being very broad and its bed very swampy 
(though it is covered with but little water) and even although the 
water reaches this portion of the Ran later in the monsoon than 
the western portion. 


The roads from Tikar to Adesar, Palanswa, and Kanmir are 
ordinarily used, they aro always open except when the river Bands 
is flooded. The distance between Tikar and Adesar is 40 miles, 
the Ran portion being 22 miles ; this part of the Ran is divided 
into 3 parts or channels by 2 ridges near its centre and tlio coasts 
on either sides. The first channel commences at a distance of G 
miles from Tikar and holds a little water during the S. W. monsoon 
for a breadth of about 6 miles, then comes the ridge called 
Bhangoria about 1 mile in width. The channel above described 
begins to receive the water forced up the Gulf of Cntch about May, 
and the water rises to a height of about 15 inches, and afterwards, 
when the rain has actually fallen, the wator rises to 3 or 3J feet; 
the water does not begin to dry up until about middle or end of 
October. Sometimes, wben the Bands is in flood, w r ater rises to 6 or 
7 feet, and remains so for perhaps 8 or 10 days. 

After crossing the channel and ridge above described, we come 
to another channel of about 8 miles in width which is influenced by 
tho monsoon rains in a similar way, but is rather more shallow and 
thus the water does not lie so deep. Beyond this channel is an 
island called “ Mardok” about 2 miles broad, which contains a few 
pools of sweet water and a small tank. There is also a temple of 
“Varnu^ on this island. Beyond this is another channel of thq 
Ran about 5 miles broad and having a depth of water in the 
monsoon similar to the other channels. 


The road from Tikar to Palanswa enters the Ran 0 miles from 
Tikar and crosses tho first channel on the Ran above described, 
then we come to the island of Keshim'd about 1£ miles broad, then 
the road crosses the second channel of the Ran to the island of 
“ Gunya ” about a mile and half broad and containing wells of sweet 
water; beyond this the Ran is 2 miles broad and having about a 
foot of water in it during the monsoon and about 3 feet when the 
Bands is in flood. 


I ho road from Tikar to K&ninir is tho same as that to Paldnswa 
as lar as tho island of Gunya whore it branches off to the left. 

The Ran is crossed from Sultanpur and MiUvaii to Odu and 
dJimjtivada, but tho sea water does not reach as far as tin's portion of 
the Ran, which, however, is covered by rain water to a depth of 
about 2 feet or perhaps 4 feet when the Banns is in flood. The 
roads from Jogad which lead to (he Ohovm* and to Amrapm as also 
those from Malanidd, Kuj/iJ,Koparni, Km la,; ud Narali arc impassable 
from tho beginning of ilay till .November. 
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After some correspondence on the subject, tbe Superintendent, 
Great Trigonometrical Survey, was requested to arrange that a 
complete series of observations should be taken at certain selected 
points on tbe Gulf of Cutch. It was proposed to have at least three 
points,—one at the mouth of the Gulf, one as far into the Ean as 
possible, and a third midway between if possible ; and that a series 
of carefully-executed levels should be made between the stations. 

It was proposed to repeat the observations some years after, and 
then the question of the secular change in the Ean might be 
satisfactorily settled. 

A detailed account of the operations may now be given, and the 
following is a reprint of the compilation, by Captain Waterhouse, 
Assistant Surveyor-General, of the Great Trigonometrical Survey 
reports, which Captain Baird submitted from time to time, and also 
of portions of the Surveyor-GcneraTs annual reports. 


APPENDIX. 


An Account of the Tidal Observations in the Gulf oj Catch , conducted by 
Captain Baird , B.E., of the Great Trigonometrical Surrey, under the 
Superintendence of Colonel J. T. Walker, O.B., R. K, during the 
years 1873-74-75/ Compiled from the G. T Survey Beports by Captain 
J. Waterhouse, Assistant Surveyor-General. 

Origin and Object of the Observations. —In his Report on the Opera¬ 
tions of the Great Trigonomotrical Survey fof 18(30-67, Col. Walker 
writes : 

“ Dr. Oldham, the Superintendent of the Geological Survey of India, 
has recently drawn the attention of the Government to certain questions 
which have been raised regarding secular changes in the relative level of 
the land and sea, which are believed to he going on in various parts of 
the Bombay Presidency, and more particularly at the head of the Gulf 
which separates the province of Cutch from that of Kathiawar. Dr. 
Oldham recommends that certain points should be selected on the south 
coast of Kathiawar, and as far up the Gulf as possible, and that the 
existing relative levels of land and sea should ho determined at those 
points by accurate tidal observations carried oyer as long a period as 
possible, the tidal stations being connected by lines of levels. Thus, by 
repeating the operations at a time sufficiently distant to allow the secular 
changes to reach an appreciable magnitude, this question, which is of 
much scientific importance, will be satisfactorily settled.” 

Tho Government of India sanctioned the observations being made, 
and Col. Walker was making arrangements for carrying them oiit, when 
a vory considerable reduction in the expenditure^ of the Survey 
Department*, in consequence of the financial difficulties in 1869-70, caused 
the indefinite postponement of the operations. It was not until August 
1872 that steps could he taken for commencing them. 

Tho delay which thus took place is, however, not to lie regretted, 
because it resulted in the investigations being carried on in a more 
complete and elaborate manner than had beou originally contemplated, 
with a view to acquiring moro comprehensive and accurate results than 
were at first desired. 

Happening to be present at the Meeting (in Edinburgh) of tho 
British Association in 1871, Colonel Walker ascertained that a Committee 
ot : the Association, presided over by Sir William Thomson, had initiated 
4 System of tidal investigations which was anticipated to secure scientific 
results of the highest value. On studying the details of these operat ions 
ho found that his original programme, which contemplated tidal 
observations of only a few weeks’ duration, would bo inadequate to detect 
the existence of minute secular changes in tho relations of land and sea, and 
that no conclusive results could bo obtained unless the observations were 
carried over u period of rather more than a year at the commencement, and a 
corresponding period at the close of the investigation, lb further .saw that 
if this were done, tho value of the operations would bu greatly increased, 
because tho results would not only servo the purpose for which they wove 
originally contemplated, but would materially contribute towards the 


attainment ot 'Che better knowledge of the law of the tides, which 
considered by the British Association to be so important a desideratum, 
and which is expected to lead to an evaluation of the mass of the moon, to 
definite information regarding the rigidity of the earth, to an approximation 
of the depth of the sea from the observed velocities of tide-waves, to tne 
determination of tbo retardation of the earth’s rotation due to tidal friction, 
and also to the various practical benefits wliich necessarily accrue trom 
accurate predictions of the height of the tide at any given time. 

Preliminary Preparations ,— With the sanction of the Secretary of State 
for India, Lieut, (now Captain) A. W. Baird, RE, Assistant Superin¬ 
tendent G. T. Survey, who was then in England on furlough, was deputed 
to study the practical details of the mode of tidal registration and of the 
harmonic analysis of the observations, which were recommended and 
practised by the Tidal Committee of the British Association. 


Lieut. Baird also tested at Chatham a new self-registering tide-gauge 
constructed by Adle the well known optician and mathematical instru¬ 
ment maker, on the same principle as those he had previously sent out to 
India which were provided with barrels of unusual length (five feet) m 
order that the tidal curves might he drawn on the largest scales practi¬ 
cable. The new tide-gange was on the same pattern, but with a tew 
modifications, tbo most important of which was the substitution of a 
chronometer escapement instead of a pendulum or gravity escapement for 
the driving clock, in order to permit of the instrument being erected on 
positions where the concussions of the sea waves would interfere with and 
perhaps stop the action of a pendulum clock. On trial it was found to 
work very satisfactorily. 


No tidal registrations can be deemed complete without simultaneous 
registrations of the condition of the atmosphere, because it is well known 
I hat the rise and fall of the tides on a line of coast is materially influenced 
by the direction and fovee of the winds, and that it also varies inversely 
with changes in the barometric pressure. Arrangements were therefore 
mode for supplying each tidal station with an anemometer and a barometer, 
both self-recording. The anemometers registered both direction and 
velocity and were similar to Bcckley’s, but smaller, in order to be light 
and portable. The barometers were aneroides, because safely portable 
self-registering mercurial barometers could not be obtained. 


Selection of Stations.— On Col. Walker's return to India, in November 
1872, be deputed Lieut. Baird to make a reconnaisance of the Gulf of 
Outch, with a viow to selecting tidal stations, and more particularly to 
ascertain how the instructions which had been received from the Go vein- 
an nt to establish a station “ at a point as far into the Ran of Cutcli as 
possible to which the tide has free access” could be best carried out. 
kor a point to have free access with the sea it is necessary lhat it should 
alwa . have at lea si 4 or L> feet, of writer over it at lowest/ tides, and also 
i hat the sea should approach i! directly, and not through tortuous channels; 
the point must also be cither on the edge of the mainland or at no great 
distance beyond, because of the difficulty and expense of constructing a 
station on the foreshore. It seemed not improbable that it might not bo 
possible to find a point at the edge of the Ran which would satisfy all 
the requisite conditions. 


Lieut. Bail’d proceeded first to Jodiya Bandar, close to the head of tho 
Gulf, where be fitted up a country lx>at for navigating the creeks and 
channels of tho Gulf, and secured the'services of an experienced pilot to 



^_ipany him in his explorations. After a month’s cruising about and 

long searching along the muddy foreshores of the Gulf, three places well 
adapted for tidal observations were found, 1st, Nawan&r Point, midway 
up the Gulf on the Cutch coast, 15 miles from Mundra ; 2nd, Hansthal 
Point at the head of the Gulf, about 18 miles from Jodiya; and 3rd, Okha 
Point on the Kathiawar coast, just at the mouth of the Gulf, opposite the 
island of Bet. At N a wan dr there was a minimum depth of 19 feet of water 
within 330 feet of a site for a station ; at Hansthal 72 feet within 160 feet 
of a site for a station, and at Okha 23 feet within 220 feet of a site for a 
station. Nawanar is about 9 or 10 and Hansthal 16 miles from the 
nearest village where drinking water can he procured ; Okha Point has 
Bet within 1 mile, but a boat is required for communication with it. 

The three places selected were considered to be well adapted for the 
operations, which was the more fortunate in that Lieut. Baird believed 
them to be the only suitable points to be met with for the purpose. It is 
to be regretted, however, that an intermediate point could not be found 
on the Kathiawdr coast, between Okha and Hansthal, for Nawanar being 
on the opposite coast had to be connected with the other two stations by 
a very long line of levels passing round the head of the Gulf ; and, as it 
afterwards turned out, Nawanar proved unsuitable by constant, changes in 
the configuration of the foreshore. 

Preliminary arrangements. — The stations having been selected, preli¬ 
minary arrangements were commenced. 

The first question to be decided was whether the tide-gauges should 
be set up ou stages erected in the sea beyond the low-water line, or on 
masonry platforms constructed on shore at the high-water line. It is 
obviously desirable that the communication between the surface of the 
ocean and the gauge should be as direct as possible, in order that the tidal 
curve may be accurately delineated. Thus, it is usual to erect tide-gauges 
in ports or harbours where the piers, quays, and landing-stages constructed 
for the requirements of the shipping present facilities for their being set 
up in the vicinity of deep waf er. In the Gulf of Cutch, however, the 
stations were all at. a distance from tho nearest inhabited localities and 
presented no facilities whatever; for not only building materials and food 
for the workmen, but even fresh water, bad to be brought to them from 
considerable distances. It was thus imperative that the plan of operations 
should be of the simplest nature possible, so as to be carried out with the 
least cost and the greatest expedition. Had any jetties or piers been 
a vailable for the operations the stations would have been erected on them, 
but under existing circumstances it was only possible to connect the tide- 
gauges with deep wator by erecting stagings for them in the sea; and these 
would have had to be very Btrongly built to withstand the full force of the 
sea, without undergoing any displacement whatever, and that, not for a 
*hort. time only, but for several years, so as to include both the first senes 
of tidal registrations, taken to determine the present relations of the land 
and sea, and the final scries which will have to be taken to determine the 
future relations some years hence. The stagings would, moreover, have 
had to be connected with the land by piers, in order to permit of ready 
access to the instruments at all times. The cost of such stagings and tlnhr 
connecting piers would have far exceeded the funds available, and there, 
tore Col. Walker decided, though with some reluctance, on having the 
tide-gauges set up on shore, over wells sunk near the high-water line 
and connected with the sea by piping, 

jPmaJ arrangement-; —The following is i brief sketch of tho arrange ■ 
ments adopted: 

Masonry veils of a diameter of al> .v 3 foot wore sunk at the stations 
to a depth of several feet below the !m» ost tides; in these wells iron cylin 
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ders with an internal diameter of 22 inches, slightly exceeding the diameter 
of the float of the tide-gauge, were set up vertically and connected with 
the sea by an iron piping carried along the shore down to the low-water 
line where a flexible piping was attached and carried ont into deep water. 

'The* flexible piping terminated in a rose suspended by means of buoys a 
few feet above the bed of the sea, in order to prevent the entrance of silt 
as much as possible, and was attached to the iron piping in such a manner 
that it might be readily removed and cleaned whenever necessary. The 
tide-gauges were set up over the cylinders, and their iron bed-plates indi¬ 
cated the planes to which the tidal measurements were referred; they were 
connected by levelling with permanent bench-marks fixed in the ground 
in the vicinity of the stations. 

The iron cylinders were made up in sections of 50 inches in length, a 
sheet of wrought-iron being bent to the size required and rivetted to form 
a cylinder, a cast-iron flange was fitted on to each end and the faces of 
these carefully turned so as to fit exactly. The bottom section had a flat 
iron plate carefully screwed on to one end, so as to form the bottom of the 
well, and the whole when bolted together formed a water-tight well into 
which water conld only enter through the piping connecting it with tho 
sea. The size of the cylinders was decided on so as to utilise the iron 
sheets most economically, and when finished fonr men could carry one 
section. Before being let into the wells they were well painted over, 
inside and outside, with tar in order to keep them from rusting. The 
level of the top flange of the cylinder was about 6 feet above high-water 
spring tide, and about 2 feet 6 inches above the floor of the observatory. 

A board fitted on and screwed to the top of the cylinder, with holes for 
the float bands to pass through, prevented anything falling accidentally 
inside the cylinder. 

The rigid iron piping was ordinary gas-pipe in lengths of about 14 
feet, with an internal diameter of 2 inches, which had been computed to 
be sufficient to permit of the transmission of the tidal wave from the sea 
to the cylinder in the well without sensible retardation, so that the height 
of the water in the cylinder should always he the same as that of the 
surface of the sea. In order to render the connections perfectly water¬ 
tight, as well as to facilitate the joining together of the lengths of piping, 
these were fitted with cast-iron flanges made to screw on to each end. 

The piping was connected with the bottom of the cylinder, at 9 inche 9 
above it, by a small bend, and was then brought up vertically outside the 
cylinder to a height 1 or 2 feet below the lowest high-water. At this 
point was another bend with a stop cock in it, and the pipe was then 
taken straight out down to tho sea along the slope of the shore to reach 
low-water springs. 

The rigid anil flexible pipes were connected together by means of the 
following arrangement: 

To the end of the rigid iron pipe a brass connecting piece, made as 
shown in the figure, was lit ted, having two oute r extremities, to one of 
which a flexible two-inch suction-pipe was fixed and the other closed by a 
brass disc with a good washer. When the flexible pipe had to be examined 
for cleaning, the brass disc was unscrewed and a short length of spare 
flexible piping with a rose at its end Itted on, and taken ont to deep water 
temporarily. The original pipe wad then taken off and cleaned, the disc 
being screwed on for the time in its place; then when finished the long pipe 
and disc were replaced in their original positions. The flexible pipe was 
two inches in diameter with copper inside, just the same as the suction- 
pipe. It was provided in lengths of oQ or 60 feet, and in smaller ones 
of feet for temporary use only. The lengths were fitted with conplings 
and unions for connecting them with each other. 
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Lengths of this suction-pipe were joined on to the end of the iron 
piping in the manner above described, and 
taken out to deep water. At the end of 
the outer length a copper rose, of about 15 
inches in length, 2 inches in diameter, and 
having about 150 holes of ^ of an inch 
bored in it, was screwed on. This rose was 
sustained a few feet from the bottom, being 
attached to a small nun-buoy by a chain 
and shackle with swivel, the whole being 
held in position in deep water by an anchor. 

To the top of the small nun-buoy a chain 
was attached, to which was fixed the large 
1 L „ buoy floating on the surface, with plenty of 

” ' aU ' slack chain to allow for rise and fall of tide, 

and this buoy also served to 
mark the position of the flexi¬ 
ble pipe. The arrangement 
will be understood by refer- 
_ ence to the annexed figure- 

The level of the water in 
the well should obviously al¬ 
ways coincide with that of the 
sea, otherwise the registrations • 
of the gauge are worthless ; it 
is therefore imperatively ne¬ 
cessary to compare the inside 
and outside levels from time 
to time, in order to roniove 
all doubt as to the efficiency 
of the communication between 
the well and the sea. For this 
purpose an ordinary gauge 
was attached to a pile driven 
into the bed of the sea, and its 
Eero was connected with that of the self-registering gauge over the well, by 
spirit levelling, and thus a comparison of the levels could lie readily 
made whenever desirable. On taking these comparisons during cer¬ 
tain trial observations at Bombay, Captain Baird was surprised to find 
that while the levels were generally identical, there were occasional large 
differences which at first could not be accounted for ; eventually, however, 
he succeeded in tracing them to the accidental presence of nil* inside the 
piping. He soon devised a simple method of expelling the air and restoring 
tho requisite identity of level, by fixing a stop-cock for the exit of 
the air at the vertical bond, where tho iron piping, after rising from the 
bottom of the well to within a few inches of the, surface of the ground, 
begins to slope downwards towards tho sea. This bend hat> necessarily 
to be made at a point a little below the level of the lowest high-water tide, 
^nd, consequently, on opening the stop-cock at high-water, all the air 
inside tho pipe is of course immediately expelled, and then the water 
inside tho well at once assumes the same level ns that of the eon. But 
for this expedient it would have been impossible to carry on the operation/. 
oOntinnonsly for any length of time, as there found io be *\ d* run J 
tendency for sir to collect, in the pipes- It was most lortun ite that Ibis 
was discovered during the experimental olis. i ration ^ dom my , them 
ston-cocks could be readily constructed and attached to the piping, winch 
could not possibly have been done at either of the stations in tho Gulf 
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At Okha Captain Baird found some difficulty in keeping the stop-cock 


dry and having access to it. 
He therefore had a water-tight 
box 3 feet long and 1 foot 
square made in halves and fit¬ 
ted over and under the stop¬ 
cock, holes having been cut to 
admit the pipes, and carefully 
caulked up after the box had 
been fitted over the pipe (see 
figure) ; in this way no water 
could get at the stop-cock ex¬ 
cept over the top of the box. 
Underneath the first 7 or 8 
feet of the pipe leading to the 
sea, a layer of mud and stones 
of considerable thickness was 
made, and a wall of similar 
material built all round the 
stop-cock, leaving a space about 
3 feet square for standing in and 
steps for getting down to it; 
also mud and sand were thrown 
down between the iron cylinder 
and the masonry wall right up 
to the level of the stop-cock 
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bend. It was found that by this means the stop-cock was quite dry and 
access could be had to it at any time however high the tide was. 

Captain Baird spent the recess of 1873 at Bombay in preparing for the 
operations of the field season of 1873-74. Cylinders as above described 
were constructed in suitable lengths to be easily transported to the tidal 
stations and there put together. The several self-registering instruments 
which wez’e to be employed—the tide-gauges, the aneroid barometers and 
the anemometers or anemographs—were overhauled and put into good 
working order. The tide-gauges were tested by being employed to register 
the tides in the harbour of Bombay for several weeks continuously, and 
were set up over wells connected with deep water by piping, in order 
that the experimental observations should be taken under precisely 
similar circumstances to the actual observations. Sundry alterations and 
improvements were made in them, and in fact everything was done which 
could be thought of to ensure the instruments being found in a satisfactory 
condition when they were set up for work at the tidal stations. It was a 
matter of great importance to have all this done at Bombay, because the 
advantages of excellent workshops and skilled artificers were not to be 
met with in the places where the instruments had to be set up for 
observation. 

While in Bombay, Capt. Bait’d also constructed three portable obser¬ 
vatories for erection at the tidnl stations, r J hose observatories were made 
in such a manner as to bo readily put together, or taken to pieces and 
re-erected at any other place where they might afterwards be required. 
They were about H'xO'xf)' and about 12 feet high in tho centre, the 
roof sloping from the ridge to the sides which were about 8 feet high. 
They were clinker-built, but it was found necessary to cover them with a 
tarpaulin to keep out the heavy rain during the monsoons. 

Operations at Olcha Station .— Okha station being near the mouth of 
the Gulf and tho nearest to Bombay, where all the preliminary arrange¬ 
ments were made, was selected as the first to be taken in hand." There all 






























the instruments and stores, and the European assistants, including Mr. 
Peters, a skilled artificer of the Bombay Harbour Works, whose services 
had been obligingly placed at Capt. Baird’s disposal by Major Merewether, 
B.E., 6 sub-surveyors and 24 men were sent, on the 13th October 1873, 
direct from Bombay in a large paftimar (or native sailing vessel). Meeting 
with contrary winds, the “ Kotia "Romani ” took such a long time to per¬ 
form the voyago that Capt. Baird began to fear that she was lost with all 
hands on board; at last, however, she arrived with her passengers and 
crew nearly starved, for they had only taken a week’s provisions for a 
voyage which lasted a fortnight. On the 5th November the stores were 
landed and the first thing to be done was to make an excavation for tbe 
iron cylinder. At Okka, as well as at Nawan&r, the soil being sandy, 
it was necessary to take measures to provent the sides of tbe well from 
falling in during the excavation, and therefore a masonry well of sufficient 
diameter to receive the iron cylinder and vertical shaft of the piping had 
to he sunk in much the same manner as the wells so frequently used in 
this country for the foundations of bridges and aqueducts. The opera¬ 
tions were considerably facilitated by the employment of Bull’s Patent 
Dredgers for scooping out the soil under the sinking masonry. (At 
Hanstkal, wh re the soil was firm, the masonry well w as unnecessary). 
The masonry w T ell was completed to the full depth of 25 feet by the 4th 
December, and by tbe 20th the cylinder had been set up, the piping con¬ 
nected with the sea had been laid out into deep water, the observatory 
was erected and the several self-registering instruments—a tide-gauge, an 
anemometer and an aneroid barometer—were all in position and ready for 
the preliminary trial of tlieir performances. By the 23rd everything was 
complete, the instruments wero all working well, and Capt. Baird was 
about to proceed to tbe next station, when an accident happened through 
a native boat drifting dowm past tbe station about 3 in tbe morning of the 
24th December, and dragging her anchors across the flexible pipe, smashing 
it and carrying off a large portion of it as W’ell as the buoys, anchors, 
&c. Being on the spot, Capt. Baird w r as able to rectify the damage and to 
arrange for protecting the piping by laying out and anchoring hawsers 
around it. Guards were also provided to prevent boats from approaching 
the buoys. Thus this accident, though very annoying at the time, proved 
of use in shownng the necessity of taking special precautions for the pro¬ 
tection of the piping from injury. Similar measures were taken at the 
other stations, and these precautions wero essential to the sucocss of the 
operations, because in case of any similar accident happening to injure 
Ae piping, the native subordinate who would ordinarily be left in sole 
charge of the station to keep the instrument-3 in order and look after their 
performances, would be unable to repair the damage without the personal 
help of Capt. Baird, or tho European assistant, to obtain which would 
probably cause suspension of the tidal registrations for a fortnight or 
Biore, and greatly impair the value of the observations. 

While engaged in completing the arrangements at Okha,- Capt. Baird 
sent his assistants in advance to Hansthal and Nawanar to sink the wolls, 
erect the observatories and get everything ready for him to set up the 
instruments. 

The observatory at Okha wns fixed on three cross-beams fitted on tho 
tops of six large piles embedded 8 feet in the sand. Tho cylinder was 
about 2 feet from tho eastern end, the tide-gauge being of course an 
nearly as possible in tho centre cf tho building. I'ho aneroid barometer 
Was placed carefully on a shell at one corner The anemometer was fixed 
to a shelf so that the upright pipe pasted through the roof close to the 
ridge at the western end (the rain-gauge being close to it on the outside). 
A platform was made to got at the anemometer easily, and this served u 
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double purpose, as it was also the framework for a guard to p otect the 
pendulum ond -clock of the tide-gauge, and cloth having been fixed all 
round it, kept any wind from getting to the pendulum. 

The self-registering tide-gauge was carefully so plaeed that the band 
allowed the float to be 3 inches from one side of the cylinder, while it was 
• the same distance itself from the other side. The instrument having been 
carefully levelled by wedges, the trestle was secured with screws to the 
floor ; a hole was cut in the floor and a small box let down (properly fitted 
so as to allow no sand to come in), in order that the counterpoise weight 
might be able to act for the entire range of the instrument. 

The float band was made 35 feet G inches long and 33 feet of chain was 
added to this, and fixed at its other end to the hook under the float, 
forming a continuous band as it were. The scale of wheels adopted here 
was 1 ; the ban-el being 5 feet long, that scale was the largest that could 
be used for a 14 90 feet range of tide. The float had a swivel to which 
the band was attached, and the band also passed through two guides faxed 

to an upright scale on one side, and through another guide fixed to the 

trestle on the other. 

The temporary tide-gauge, consisting of a pile firmly imbedded in the 
sand and standing about 8 feet out of the ground, was placed about the^ 
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low-water neaps ; to this was attached a box containing a copper 
float, and to tho float was attached a deal rod with a pointer at the end of 
it about 6§ feet above the float. In the bottom of the box a pipe, two feet 
long, of small diameter was fixed so as to permit the sea to have access to 
the float; the box itself was about 6 inches square and 6 feet high, the 
side of it attached to the pile was extended upwards for 6 feet and had a 
grove in it in which the upright rod with the index worked (vide figure), 
so that by having this upper part numbered from a certain zero, the level 
of the sea below this zero could be at once read off. It was found by 
careful trial in a bucket of water that the pointer always recorded 6 feet 
2 inches above the level of the water in which the float worked — the scale 
was made accordingly; levels were taken to connect the temporary tide- 
gange with the top of the cylinder, for comparison of level of water inside 
and outside. 

It will be unnecessary to enter into details of the operations at each 
station as they were similar to those at Okha, of which the principal out¬ 
lines have been given. Full details will be found in Capt. Baird’s report 
appended to the General Reports of the Great Trigonometrical Survey for 
1873-74 and 1874-75. 

Commencement and Progress of the Observations .—Tho regular tidal 
registrations were commenced at Okha by. the end of December 1873, at 
Hansthal by the end of March 1874, and at Nawanar by the end of April, 

It was hoped that they might have been carried on continuously for at 
least a year, or perhaps longer, at each station, in order to furnish the 
requisite data for investigations of tho separate influence of each as well as 
the combined of all tho principal tidal constituents, and the least that is 
needed for this purpose is a series of observations extending over a year. 

During this time the errors of the clocks for driving the barrels of the self- 
registering instruments would have to be frequently determined and the 
clocks corrected; the instruments would also have to be examined and 
cleaned, and possibly repaired also, and the relations between the curves 
on the diagrams and thoir zero lines would have to be carefully re-detor 
milled from time to time; and all this would have to be done either by 
Capt. Baird, or by bis assistant Mr. Rendell. 

Capt. Baird, accordingly, drew up a programme for the periodic inspection 
of the stations, and arranged that he and Mr. Rendell should make tours 
of inspection in turn. It was calculated that a tour embracing all three 
stations would take about a month from the date of leaving to that of 
returning to recess quarters ; these bad been established in Rajkot, the 
nearest town to the Gulf, where house accommodation suitable for Europeans 
could be obtained. Anticipating that during the monsoon months the 
weather at the tidal stations might be found too cloudy to permit of 
astronomical observations for determining the clock errors, Capt. Baird 
provided himself with two portable chronometers which were rated at 
K-ajkot and carried about on the tours of inspection, for comparison 
with the clocks. » 

Difficulties of the Operations. —The ' operations were carried on under 
many and great difficulties, and Captain Baird and his assistants incurred 
considerable risk when crossing the Gulf in native sailing vessels, as they 
requently had to, whenever their presence was rcqirreb at either of tho 
Stations. Huts had to fee built and iron water-tanks p vided uM-iudi 
station for the native subordinates who were placed in charge u;. the 
mstrumqnts, and for the men of tfau guard furnished by the Durbdr of the 
Native State in which tho statu n is tiiuated. Arrangements a I no had to 
bo made to supply those men with food and d>*inking water, which at 
Hansthal wa 3 no easy matter, for the nearest point whence these necessa¬ 
ries of life were procurable was about 25 miles off. At each station a 
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line of post runners had to be established to the nearest points on the main 
line of postal communication, as it was essentially necessary that Captain 
Baird should receive daily reports from the men in charge of the obser¬ 
vatories. 

The inspection of the observatories necessitated a great deal of hard 
marching and entailed much exposure and privation. Even so early as 
in the month of May. before the setting in of the monsoon, the Ran of 
Cutch was covered with water, from six inches to a foot in depth, which 
had to be waded through for many miles distance to reach the station at 
Hansthal. At such seasons travellers usually cross the Ran by riding on 
the camels of the country ; these animals are bred in large numbers along 
the borders of the Gulf, and are accustomed from their birth to wander 
about the swamps, browsing on the mangrove bushes, and thus they learn 
to walk with ease and keep their feet on ground which would be impos¬ 
sible to most other camels. Of Lis journey with Mr. Rend ell, to Hansthal 
in the month of May, Captain Baird writes, “ Our only land-marks in the 
“ whole of the last 14 miles were two small mounds of earth thrown 
“ np— when there were postal chowkies there—at 4 or 5 miles apart, and 
“ the observatory itself; we both felt a curious sensation as if we were 
“ being carried out to sea, which was occasioned by seeing small branches 
“ of scrub floating on the surface of the water and being driven by the wind^ 
“ inland ; and once, with the exception of one of the mounds above men- 
“ tioned in the distance, there were no fixed objects visible to destroy 
“ this optical illusion.” Later on, when the monsoon set in, the difficul¬ 
ties of locomotion were greatly increased; direct communication with 
Nawan&r, by crossing the Gulf in a sailing boat, became impossible, as 
none but native vessels were available for the purpose, and they could not 
venture across in the strong gales then prevailing ; and in order to reach 
that station a very long circuit had to be made round the head of the 
Gulf, crossing the Ran at its narrowest point opposite to Vavnya. 
Moreover, the common unmetalled roads in a ’ Lack-soil country, as is the 
western portion of Kathiawdr, become all but impassable during the 
rains ; and thus Captain Baird was often unable to get over the ground 
more expeditiously than Lt the rate of about a mile an hour. Between 
the 7th July and the 8th September he was actually 38 days in the field, 
and marched nearly 800 miles under most adverse circumstances. 

General Workrnj of the Tide gauges.— The general working of the 
tide-gauges at the three stations has now to be noticed. 

At Okho the registrations went on most satisfactorily throughout 
1874 and the following field season ; there were ’ breaks of con¬ 

tinuity of the roeonis, :.i>d they were very short and of no importance. 
\t H; nsthal where n . v, ;it< r was very muddy, and not pure and clear as 
at. Okba, the breaks w^re more numerous and longer; they were caused 
Mirnc. aes by the dm mg ' >.-k g lting out of order, but more frequently 
by ’ ‘ deposit of fine nm.d m Hi \v< 11 and piping of the gauge, notwith- 
stand tig the precaution which lutd been taken to keep the rose at the 
extremity of the piping high ah vv the mui bar 1 ; this necessitated the 
•;''■' ••! - ’ jil suspension ! operation!- while the p did was being removed, 
and r <>•(} was always taken to make the break between the times of high 
and i■;w water, whenever possible; thus, as the record of the highest and 
im.vf' ; points of curves has been secured in almost all. instances, the 
bi eak - may usually be interpolated between them by hand, in conformity 
with the collateral curve's, without any risk of significant error. The 
foreshore at Okha being sand find rock without mud,. lere was no tenden¬ 
cy there for the pipe to become choked. Both at Okha and at Hansthal 
air was found to enter the iron piping, whenever the latter was laid bare 
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requently happened ; but. it. was readily 
expelled at high-water, by opening the stop-cock which has already been 
described as attached to the piping for that purpose. 

At Nawanar, matters went on less prosperously. When inspecting 
this station in July 1874, Captain Baird found everything apparently in- 
good order; the curves on the diagram seemed at first to he all that could 
be desired, but it was soon evident that they were erroneous, for the level 
of the water in the well differed very sensibly from the sea level. On 
examining tbe piping, the extreme end was found to he buried insand above 
the low-water line, at a spot where a few weeks before there had been a 
depth of 20 feet of water at low tide, but which was then left bare for some 
time daily. On further examination it was ascertained that the configura¬ 
tion of the foreshore had entirely changed, and an extensive sandspit had 
formed on the line of the piping ; this had been caused by the drift from 
a belt of sand-hills to the south, under the influence of the strong winds 
which blew from the south-wcvst during the monsoon, the registered 
velocities of which were 8G0 to 890 miles daily, for several days preced¬ 
ing the misadventure. This accident necessitated the suspension of the 
registrations at Nawondr until such time as the piping could be extracted 
and again put into communication with deep water, Lt was expected that 
the original configuration of the foreshore would probably be restored by 
natural causes, when the wind veered round to the usual direction, soon 
after the commencement of the cold-weather months ; but this expecta¬ 
tion was disappointed, and as the cold season wore on it became only too 
certain that the piping which lay beyond the low-water line would never 
be recovered. A supply of new piping was therefore obtained from 
Bombay and attached by Mr, Rendell to the land portion of the original 
pipe; and by the commencement of March 1875, after a break of 9 
months* duration, the tide-gauge was once more in free communication 
with the sea, and there appeared to he every probability that, it would so 
remain at least till the setting in of tho next monsoon. 

But within a fortnight after tho re-starting of the tide-gauge at Nawa 
nar, the foreshore again shallowed, and the new piping was covered 
with a deposit of silt and mud, nearly up to the level of the rose at its 
outer extremity. Mr. Rendell at once cut away the flexible piping and 
substituted several' lengths of iron piping, supported by being attached to 
stakes driven vertically into the ground. By remaining on tho spot for 
two months, taking measures to prevent the rose from being reached by 
tbe constantly rising mud and silt, Mr. Rendell succeeded iu securing 
satisfactory and continuous readings for the whole of the time, and he 
checked them occasionally by hourly readings taken pari passu on a 
graduated staff, which had been set up in tho sea in deep water, in 
order to afford a means of verifying the indications of the self-registering 
gauge. Tho station of Nuwanar has thus been proved to be unsuitable 
for continuous tidal observations, extending over a long period, for it 
is only during tho months of fine weather between November and May, 
that observations ca i be carried on there, otherwise than by setting up 
the tide-gauge on a staging erected for it out in deep water, the cost of 
■which would be inad missible. 

Preliminary Results .—The preliminary results of the observations up 
to September 1874, as worked out by Cnptiun Baird, show that tfiu 
greatest range of the tide was— 

14*8 feet at Okhn. 

BrG „ Nawanar. 

21*2 Haiwthal. 



the action of tbe surf, which f 
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or two to four feet more in each instance than the ranges given in the 
marine Charts. 

Very fairly approximate values of the progress of the tidal wave, up 
and down the Gulf, have also been obtained, showing that— 

High-water occurs at Nawanar lk. 5w*. after Okha. 

„ Hansthal 1 40 „ 

Low-water occurs at Nawanar 1 3d „ 

„ Hansthal 2 53 „ 

The results obtained from the combined tidal and levelling operations 
show that the mean sea-level is higher by 7 inches, at the head of the 
Gulf, and by 4 inches, midway up, than it is at the mouth of the Gulf. 

Tho curves of the self-registering aneroid barometers were compared 
four times daily with a mercurial barometer, and the differences met 
with—after allowing for index errors —were usually so trivial and unim¬ 
portant that every confidence may be felt in the general accuracy of the 
curves. The aneroids are of a delicate construction and are liable to get 
out of order, but as spare ones wore available, no break of importance 
occurred at either station, 

Tho anemometers were less satisfactory in their working, probably 
because they were so much more exposed to the vicissitudes of tho 
weather. The long continuance of winds coming from the same quarter 
caused the direction gear to clog, and until this w r as discovered the 
recorded directions are to some extent incorrect. On the other hand, the 
velocity gear was kept in constant action by the strong wands prevailing. 
Several severe gales were recorded. The greatest velocities registered 
in 24 hours were— 

620 miles at Okha on the 20th June 1874. 

800 „ Nawanar „ 26th „ 

1130 „ Hansthal „ 5th Aug. „ 

On the latter date the anemometer of Hansthal recorded 270 miles in 
tho three hours between 0 a.m. and noon. Captain Baird is not entirely 
satisfied with the performances of these instruments, but considering 
their small size (for the sake of lightness and portability), and their expo¬ 
sure to fierce winds, to rain and, worse than all, to the constant oxidising 
influence of the sea, Colonel Walker thinks it improbable that any instru¬ 
ments would, under similar circumstances, have given much better 
results. 

The total rainfall during the monsoon of 1874, as registered by the 
rain-gauges set up at each station, was — 

10*75 inches at Okha, 

13*01 „ N a wan dr. 

18*40 „ Hansthal. 

21*91 „ R&jkot (40 miles inland). 

It will be seen that a greater range of tide, a greater velocity of wind 
and ft a tor rainfall have been n gistrred at t behead than at the mouth 
of the Gulf, and* intermediate values at the midway station of Nawanar. 

The scientific value of the observations is greatly increased by the con¬ 
temporaneous observations of tho barometric pressure, the velocity and 
direction of the wind, and the amount of rainfall; and it is believed that 
no senes of tidal observations has been better furnished than these with 
tho requisite data for separating local atmospheric influences from tbe true 
tidal constituents, which are caused by the varying position of the sun 
and moon. 
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_ levelling Operations .—At short distances round each station 

three blocks of stone were sunk in the ground to serve as bench-marks 
for future reference, and each of them was carefully connected with the 
zero of the tide-gauge. Bench-marks were also placed in position, one 
at about every 10 miles, from Okha station along the road to Hansthal 
and tlience to Nawanar in Cutcb across the Ran. Bench-marks w ere 
also laid down with reference to the nearest Great Trigonometrical 
Stations. During the field-season of 1874-75, Capt. Baird conducted a 
series of spirit-levelling operations for determining the present relative 
levels of the datum points of the threo tidal stations, and of the stone 
bench-marks which had been laid down a year previously along the lines 
to be levelled over. The length of the main lines connecting the three 
tidal stations was 275 miles, which was levelled over independently • by 
Capt. Baird and Narsing Dass, in accordance with the rigorous system 
which has obtained for several years past in the G\ T. Survey. 20 miles 
of branch lines wore also executed, in order to connect the stations of the 
Kathiawar triangulation w r ith the tidal stations. 

In working between Nawanar and Hansthal, Capt. Baird had to make 
a considerable detour round the hoad of the Gulf, crossing the Ran 
between Shik&rpur and Malia. Several bench-marks were fixed on the 
Ran, and they will be important points of reference when these opera¬ 
tions are repeated with the tidal observations some years hence, when a 
sufficient interval shall have elapsed to allow of the rising or sinking of 
the surface of the ground to an appreciable extent. The existing surface- 
level of the Ran has been obtained at a number of points, for Captain 
Baird took the precaution of having all the pins on which the levelling 
staves were set np, driven downwards until their heads were exactly flush 
with the surface of the ground. 

Operations during the Monsoon .—Considerable anxiety was felt as to 
he possibility of securing continuous records during the monsoon, when 
ieavy gales are prevalent; but every precaution was taken to strengthen 
lie wooden observatories in which the instruments were set up, and to 
nticipate and provide for all possible contahgencies; and rf was most \ 
itisfactory that, although the monsoon of. 1874 sot in very severely and 
tied long, the observatories all stood firm, and the tide-gauges and other 
If-registering instruments remained in good working order throughout 
ie season. 

Close of the Operations, — The carrying out of the periodical inspections 
during the monsoon was the most trying and difficult part of the operation. 
During the monsoon of 1874 this duty was performed entirely by Capt. 
Baird, who had generously given his assistant leavo of absence on urgent 
private affairs at that time. Tt had, however, proved to be so arduous 
and to entail so much exertion and exposure, that Colonel Walker felt ho 
would not be justified in requesting Capt. Baird to carry on the inspec¬ 
tions during the monsoon of 1875. He was therefore directed to 
continue the registrations np to within a few days of the commencement 
pf the monsoon, and then to dismantle all the stations, and remove the 
instruments. 

Accordingly at the close of the field-season of 1874-75, the instru¬ 
ments were token down and the observatories dismantled. At each 
station the vortical iron cylinder, in which the Heat of tho gauge Ind 
acted, was loft in stain guv, togetlu r w itb a hngth ofl he in m piping, 
extending about 50 feci sea wards Inuu the eyhndrr. The cylinder was 
filled with clean dry sand, raid du-ed d t • e with a think plankmg, alter 
which a massive pile of dunes was raised over tho ground around it, u* 
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serve the double object of a protection and an indication of the position 
for future reference. 

The three bench-marks in the immediate vicinity of the cylinder, with 
each end of which the datum of the gauge had been connected, were simi¬ 
larly covered over. Finally the several cairns were placed under the 
protection of the local officials ; and it is to be hoped that the cylinders 
and bench-marks will be readily discovered whenever the second series of 
operations are commenced, and that they will be found to have remained 
undisturbed meanwhile 

v 

Thus the periods during which the tidal heights have been continu¬ 
ously registered at the three stations are, 16| months at Okha, 14 months 
at Hansthal, 2 months at Nawanar in 1874, and 2 months more in 1875, 

As already noticed, simultaneous observations of the direction and velocity 
of the wind and of the barometric pressure were made by the anemograph 
and barograph which were set up at each station. 

The long break in the registrations at Nawanar is to be regretted. 
But as the station lies nearly midway up the Gulf, it is probable that the 
values of the difference between the mean level for the periods of actual 
observation and the mean level for the entire year, which are given by the 
registrations at Okha and Hansthal, may be applied proportionately to the 
results at Nawanar, to obtain the mean level for the year there, and Capt. 
Baird found that this plan gave very accordant and promising results. 

When all the observations were completed, the ordinates of the several 
curves were measured, (taking full account oi clock-error whenever 
there was any) and then tabulated for each hour of the day, Tho*nurnerica 1 
results thus obtained serve as the data on which the analysis of the 
observations was subsequently based. 

Thus ended the first series of operations, to determine whether tl 
relations of land and sea are constant or changing. Col. Walker writes 
“ Great credit is due to Capt. Baird for the manner in which he coi 
“ ducted the task entrusted to him. The difficulties ho bad to center 
“ w ith in obtaining exact, registrations continuously for such long perio 
« were very serious and formidable ; all tbe stations were situated at poii 
“ on the coast line which were very far from the nearest habited localiti 
“ and the inspections during the season of monsoons, which work \ 

“done entirely by himself, necessitated constant travelling during t 
“ most inclement time of the year, and entailed an amount of risk a. 

“ exposure which would tell on a constitution of iron. 

Final Results .—Tbo analysis of the results of the observations has 
necessarily been a work of time and has only lately been completed. Col. 
Walker felt assured that it would be. best, performed with the assistance of 
Mr. Huberts of the Nautical Almanac Office in London, by whom all the 
tidal observations taken for the British Association had been, and are still 
being reduced and analysed, under the super inton donee of Sir W. Thomson, 
and who had, previous to the commencement of the observations, aided 
( •apt Baird in the preparation of an account of the practical application of 
tin 1 harmonic analysis by which tidal observations are reduced for the 
British Association. Sanction was therefore obtained for Capt. Baird to 
remain in England ftnd reduce his observations with Mr, Roberts* assist¬ 
ance. The results will be presently stated. But first it is nccossai'y 
to give a brief epitome of thetmetkod of investigation which has been 
followed- ' 

The rise and fall of the level of the ocean, twice, or nearly bo, in 
twenty-four hours, is well known to be duo to the attraction:! of the siui 
and the moou. Ji the orbit of the earth and that of the moon were quite 


'Circular and lay in tlie plane of tlie equator, and if the moon performed its 
revolution round the earth in the same time that the sun appears to revolve 
arouud the earth, then there would be two tides daily, differing from each 
other in form—should the sun and moon not be in conjunction-— but 
recurring alike from day to day. Tlie moon, however, makes her circuit 
of the earth in 48 minutes over tlie twenty-four hours, and thus the sun 
makes thirty apparent circuits of the earth while the moon is only making 
twenty-nine ; moreover, the orbits of the earth and of the moon are not 
circular, nor are they situated in the plane of the equator. Thus the 
positions of the sun and moon, relatively to the earth, are momentarily 
varying in distance, declination and right ascension. Consequently, the 
level of the ocean is subject to momentary variations in the dynamical 
action of the disturbing bodies ; and these cause a variety of tides which 
recur periodically, some in short, others in long periods. 

In the present investigations, the short and the long period tides have 
been analysed by different methods. The former— which hero embrace all 
tides recurring in periods of or about a day in duration, and in any aliquot 
part of the (joeist-diurnal period—have been treated in accordance with tlie 
synthesis of Laplace. Thus a number of fictitious stars are assumed to 
move, each uniformly in the piano of the earth’s equator, with angular 
velocities which arc small in comparison with that of the earth’s rotation, 
so that tho period of each star is something not very different from 24 
mean solar hours, and ranges between a minimum of 23 hours and a 
maximum of 27. Each star is supposed to produce a primary t ide in its quasi- 
diurnal period, and also various sub-tides which run through their periods 
in 4, J or some other aliquot part of the primary period ; but of these 
sub-tides it may here be observed that some are considerably larger than 
their so-called primaries, as for instance, the lunar semidiurnal tide, the 
magnitude of which is enormously greater than that of the lunar diurnal. 
The primary is simply tho tide of which the period is nearest to 24 moan 
solar hours. 

Tims the momentarily varying level of the surface of the ocean is 
supposed to be the resultant of a largo nuiuber of tides, each of which is 
perfectly independent of all the others, and has its own amplitude and 
period of revolution, which remain ever constant throughout all time. 
Occasionally several of llio most important tides are in conjunction, and 
then tho range l>etw©en high and lowdr-water is a maximum, as at spring 
tides ; at other times some tides arc in opposition to others, and then the 
tidal range is a minimum, as occurs at neap tides. 

Every tide may be represented by a circle of known diameter ; and if 
we suppose a point to moVe uniformly right round the circumference of this 
circle so as to make a. complete revolution in the time which is the tide’s 
period, then the height of the point above or below the horizontal diametor 
°f the circle at any moment, represents the height of tho tide at that 
moment. 

By tlie synthesis of Laplace wo are able to find, from continuous 
observations of the varying level of tho sea, the amplitude and the epoch 
(as they are called) of each of the several tides of which tho height of the 
sea-level at any moment is the resultant. The amplitude is the radius of (ho 
representative circlo, the epoch enables us to ascertain the point which tho 
tide has reached at any given moment dui in# its movement o\er the 
circumference qf the circle. Thus wb» u we know the amplitudes, the 
epochs and the velocitic. of rotation of any number ot‘ ooiisf.itm nt tides., 
we are in a position to h»» able to compute and predict tho bright of the 
sea-level, at any future uunm nt, at the Uution where the observations on 
which our calculations arc based were taken. 
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The velocity of rotation of a tide rests primarily on certain combina¬ 
tions of the angular velocities of the earth's rotation round its axis, tho 
moon’s rotation round the earth, the earth’s round the sun, and the 
progression of the moon’s perigee, which are decided on a priori from 
theoretical considerations. These preliminary angular velocities are the 
arguments of the several fictitious stars of Laplace’s method. 

The portion of the height of the sea-level above or below its mean 
height (with reference to some fixed datum line), which is due to the 
combined influences of the several tides produced by any one of the 
fictitious stars, is given by the following well-known expression of the 
law of periodicity : 

li = E ! cos(?ii—€ 1 ) 4- I? a cos(2w£—e 2 ) 4- E 3 cos(3 nt —e 3 ) 4- . . . 

in which h is the height above mean tea at any moment, t is the time 
expressed in mean solar hours, commencing at O h astronomical reckoning, 
and n is the angular velocity of the star in degrees of arc per mean solar 
hour, so that 360° -f- n denotes the period of the star in hours of mean 
time! E, is the amplitude, and e* the epoch of the full-period tide ; E 
and €*, Jk and * a , &c., are the amplitudes and epochs of the sub-tides, 
whose'periods are one-half, one-third, Ac., that of the primary period. Tho 
amplitude is the semi-diameter of the circle whose circnmferenco indicates 
the path of a tide. The epoch is the arc which, when divided by the 
on"*nlar velocity of tho tide, gives the hour-angle when the height of the 
tide is a maximum ; this occurs, on the day of starting, when nt = e* for 
a primary tide, when 2 nt =* (and again 12 quasi-konra afterwards) for 
a tide whose period is half that of the primary, and so on. 

Thus, if wo now put I for tho height of tho sea-level at any moment 
and A for the value of tho height of the mean sea-level which results from 
the combined influence of the whole of the fictitious stars, we have— 

h = A 4- S J Ei cos^i—fi) 4- E a cos(2nt— **)+ . . * j 

where the symbol S stands for tho summation of the whole of the term 
within the brackets, which relate to all the fictitious stars. 

There are two principal stars, respectively called S and M for brevity, 
the first of which represents the mean sun, or that point in the plane of 
the earth’s equator whose hour-angle is equal to mean solar time ; tho 
second represents the mean moon, a point moving in the plane of the 
equator with an angular velocity equal to the mean angular velocity of 
tho moon. The other fictitious stars respectively furnish the corrections 
to S and M for declination and parallax, to M for lnnar evection and 
variation, and to S and M for tho compound actions which produco what 
are called Helmholtz Tides, &c. The 24th part of the period of star S 
being an hour, that of any other of the fictitious stars may be conveniently 
spoken of, and is hero called a gtum-bour. 

To find the argument (the angular velocity n of the preceding for¬ 
mulae) for each fictitious star, various combinations Lave to bo made of 
the following fundamental angular velocities, vie . : 

y the earth’s rotation ..... r = 15/0410686 por means solar hour, 

<*, the moon’s revolution round the earth, 05490165 „ „ 

r/, the earth’s revolution z'ound the sun... ±= 0*0410686 » » 

(p f the progression of the moon’s perigee, 0 004Uil8 „ „ 



The several fictitious stars whoso tides have been analysed in these 
investigations, are— 


S, with argument n = y - t) 


= 15 °* 


« 1 4 *4920621 
= 15*0410086 

- 13*9430356 
« 14-9589314 
= 15-5S5W33 
= 13*3986609 
= 13*9841042 
= *14-2198648 
= 14*7042394 

- 14*2562915 
= 14*72781*27 
= 14-74602G1 
= 15-5079479 



The quasi hour angles of the several fictitious stars, other than S, at 
mean noon of the day of starting, were found by putting 

y = the Sidoreal time, 
r1 = tbe Sun’s mean longitude = y, 
c t = tho Moon’s moan longitude, 
c t — w tho Moon’s mean anomaly, 

and taking the correspounding numerical values of each element, for the 
hour and station, from the Nautical Almanac and Hansen’s Lunar Tables, 
and then substituting these values in tho precoding symbolic expressions 
for tho hourly variations of the several stars. 

The number of stars and the angular velocity of each Btar having 
thus been decided on, a priori , from theoretical considerations, the values 
of tho constants R and c for the tidal constituents of each star have to be 
determined from the evidence afforded by the tabulated values of tho 
height of the sea-level for every hour of the day during tbe entire period 
of observation ; this should not bo less than 371 days. The values of tho 
constants have been computed for the several tides at the three stations 
of Okha, Nnwandr, mid Hansthal, and are given below. It will be remem¬ 
bered that Okha is situated at the entrance to too Gulf of Catch, Nawa- 
ndr midway up the Gulf, and Hansthal at its upper extremity ; also that 
continuous observations over a period of mot less than 14 months were 
obtained at the upper aud lower stations, whereas at the middle station, 
Nawandr, there was a break of several months, in consequence of an 
alteration of the foreshore during the monsoon of 1874 ; thus the results 
for Nawandr aro far from being as exact and complete as those for the 
/WO other stations. 



Table of the Constants . 


The star S 


The star M 


The star K 

The star O 
The star P . 
The star J 
The star Q 
The star L 
The star JST 
The star X 
The star v 
The star p 
The star 2 SM 
The star MS 



Oku a. 


Feot. 


f E. =0-0741, fl =U9‘89 


2^=1-2224, f ,= 14-37 

... 

-< E,=0-013-2, e 4 =116-57 


Eo=0-0030, (,= 20-9-2 


Es=0‘0006, f 8 =219-81 


f Ih =0-1122, (,=120-86 


E 2 =3-6936, (,=348-08 


Ej=0-0289, (,= 22-10 

... ... 

1 22 4 =0-1265,( 4 = 108-88 


2,0 = 0-0056, („=272-57 


l Es=0-0102, (3=100-06 


f E, =1-5605, (,=146-60 


i E =0-4207, (,= 24-82 

... . • • 

E,=0 - 8095, (J=322-67 

... 

11, =0-3841, (,=319-94 


E. =0-1231, (J= 176-32 

... 

E,=0-1596, (,=324-63 


E*=0-1511, (..=224-77 


B.;=0-7551, (.=322-94 


B;=0.0712, (,=204-40 


E.:=0-1592, („= 8-50 

o«. •«• 

B~=0-1890, (,=184-26 


E 2 =0-0435, (1=291-24 


E 4 =0-0619, (.,=112-37 


N AW ANAR. 


Hassthal. 



Feet. 



Feet. 



Wanting. 

0 

E,: 

=01292, 

f i = 

B,= 

=1-8933, € 2 = 

55-33 

E a 

=1-9277, 


R,- 

=o-oi3i, *;= 

359-56 

R, 

=0-0211, 

f r 


Wanting. 


R»- 

=0-0069, 

e <r- 


Ditto. 


e 3 = 

=0-0025, 

e 8 : 


Ditto. 


Ry 

=0-120S, 

e l = 

E„= 

— 5*8448, e 2 — 

25*32 

E., : 

=6-6291, 

*2 = 

E 4 : 

Wanting. 

275-00 

E 3 : 

=0-0534, 

€ 3 : 

-0-1023, e 4 = 

Ry 

=0*6803, 

e 4‘ 


Wanting. 


E„ 

=0-2760, 

V 


Ditto. 


Es 

=0*0726, 

e 8 : 

Ik 

-1*6857, €i= 

156-00 

E, 

=1*6502, 

«1 = 

E, 

= 0-4780, <r 2 = 

76*11 

E, 

=0*6767, 

V 

E, 

-0-7987, e x = 

332-04 

E, 

=0*8807, 

v 

E, 

= 0-2806, e 1= 

342*02 

E, 

=0-3839, 

€ l z 

E 1 

=0-1698, e 1= 

191-77 

E, 

=0*1091, 

€ 1- 

E, 

=0-1697, e 1= 

335-14 

E, 

=0-1618, 

6 1 = 

E, 

—0*3569, to — 

226*93 

Ej 

=0*3892, 

f 2- 

E, 

=1-2205, e 2 = 

11-72 

E-, 

=1*1535, 

€a ~ 

E. 

=0-1466, € 2 = 

251-10 

E„ 

=0*2268, 

e 2 : 

2i, 

=0 2975, ^1= 

5*43 

e; 

=0-2864, 

e 2 - 


=0-4026, e 2 = 

186-44 

R„ 

=0-5569, 

f 2 : 


Wanting. 


e: 

=0-1309, 

V 


Ditto. 


e; 

=0-3388, 

u 


:164*01 
■ 84-51 
= 61*74 
=166-57 
=158-63 
=155*61 
= 46-52 
= 93-55 
= 331-55 
=248*94 
=154-36 
174-60 
= 88-63 
* 340-76 
= 353-65 
-222*61 
: 343-23 
=238-32 
= 26-76 
=219-57 
= 48-24 
=179*74 
=297-74 
= 13-01 

































" tt ■will be seen that the principal tides are first the quasi-semi -diurnal 
of M, and then the semi-diurnal of S and the gwast-diurnal of K, which 
range from one-third to one-fourth of the former. S and M being the 
principal stars, their sub-tides, down to the three-hourly tide of S and the 
corresponding tide of M, have been computed. For K the quasi *diurnal 
aud semi-diurnal tides were computed; for the stars 0 to Q only the 
primary tides, For the stars L to 2 SM there are no primaries, and the 
tides of longest period are the ini-diurnal; for MS the longest 

tido is the gttaa^demi-semi-diurnal j these, bging the principal ones for each 
star, have been computed. 

Here it is necessary to observe that the number of sub-tides which 
have to be investigated in each instance, in order to evaluate the full 
influence of the star, is a matter which can only be decided after 
considerable experience of such investigations has been gained by the 
analysis of the tides at a great variety of stations. It was therefore 
left to Mr. Roberts, whose practical familiarity with the subject probably 
exceeds that of auy other individual, to prescribe the number of terms to 
be computed for each star. 

On inserting the numerical values of the constants R and c in the 
general expression, and substituting for nt its values in succession for 
every hour from the starting-point, the height (in feet) of each tide and 
Bub-tide may be computed for every hour. The sum of these gives the 
portion of the height of the sen-level at that hour which is due to the 
influence of the short-period tides. This usually far exceeds the portion 
which is due to all other causes, and is thus frequently taken to repre¬ 
sent the whole height. 

Should it be desired to compute the hourly heights for any day of 
any year, without commencing at the starting-point of the observations, 
as may be necessary wlien tidal predictions are required, the values of 
7, 7, o', and a) must be found, as stated on page 4b, for mean noon of t he 
day which may be adopted as the new starting-point; the hour- 

angles of the several fictitious stars, other than S, at. that moment must 
then he found, after which those for the succeeding hours may he obtained 
by successive additions of the respective hourly increments which are due 
to each star. 


The values of the constants R and € having been determined for each 
of the three tidal stations, the next stop taken was the calculation of the 
height of the sea-level at each hour, throughout the entire period of regis* 
tration at each station. The differences between the observed and the 
computed values were then taken as the data for calculating the influence 
at variations in barometric pressure, and in tho velocity and direction of 
the wind, on the sea-level. Equations wore formed -in which the 
unknown quantities were ZJ, the effect of a barometric pressure of one 
inch, and -V and h, tlie effects of the North and the Eas(, components 
respectively ot winds blowing at the rate of 10 miles an hour Of these 

as . the mimbero£ <%« of observation ; they 

simnn 11 f T- h ° d 0t “ mun r *!“»«»• Corrections wen ’ then 

uimputed for the daily variations of the atmospheric influence tlui 

sui.iovd, and were applied to the values of height resulting from the 
piovious investigations of tho short-period tides. Finally, the ilitfoixmees 
ietween the heights thus determined and those actually ob-iervi d w ro 
lit urn :e.: the data !or calculating tho influence of each of t ho loim-neriocl 
tides. B 1 ' 

The evaluation*of thoatiboBp&oiieinfluences gavo the following factors 
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for changes of sea-level tine to a barometric pressure of one inch, ami 
to north and east winds travelling with a velocity of 10 miles per hour : 


Barometric pressure 
North Wind 
East Wind. 


At Okha- 

+ 0*356 feet 
— 0*191 „ 
+ 0*161 „ 


At Hanstlial. 

— 0*438 fe< t 

— 0*262 „ 

-f- 0*08/ ,, 


These results arc not satisfactory; the height of the sea-level at Okha 
appears to increase with an increase of barometric pressure, which is 
scarcely possible. It happens that at this station the changes of pressure 
occurred, as a rule, simultaneously with the changes of wind ; and thus 
it is impossible to determine the separate effect of each, otherwise than 
by some arbitrary method of treatment. The observations will therefore 
be again analysed, with a view to ascertaining whether they may not be 
made to yield more consistent results. Meanwhile, the values of the 
atmospheric factors already obtained must be considered to be only 
approximate, giving fairly accurate results when employed collectively 
but not individually. 


Of the constants for the long-period tides the following values have 
been computed for the stations of Okha and Hanstlial, after the elimina¬ 
tion of atmospheric influences, by employing the preliminary values of- 
thc factors which are given in the preceding paragraph. At Nawanai- 
sufficient observations are not forthcoming for the evaluation of either the 
atmospheric or the long-period tides. 


Long-period tides , and their Constants. 


(cr — a>) Lunar monthly elliptic tide, 

2 <t Lunar fortnightly declinational tide, 
2 (cr— ? 7 ) Luni-solar synodic fortnightly tide, 
rj Solar annual elliptic tide, 

2 rj Solar semi-annual declinational tide, 


Okha. 






Hansthal. 

Feet. 


o 


Tide. 


Feet. 


o 

= 0*058, 

€ - 

= 311*38 


— w) 

11 

=0*107, 

f 

=: 1417 

0*070, 


52*73 

2 cr 

V 

0*142, 

» 

45*74 

0*136, 

yy 

249-19 

2 (<r 

- v ) 

ff 

0*163, 

» 

11*76 

0162, 


3-11 


n 

)) 

0-024, 

)3 

195*32 

0*121, 


144-75 


2 n 

3f 

0*090, 

)} 

156*38 



